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DPescription and

Specifications

Acute Toxicity

Short-terms
and

Long-term
Studies -

SUMMARY

Caraﬁel coloring is a complex polysaccharide of in-
determinate formula prepared by heating a food-grade carbo- -
hydrate such as dextrose, invert sugar, or starch in the
presence of a catalyst. The latter may'include acetic, sulfur-
ous, or citric acid, alkalies such as ammonium, calcium, or

sodium hydroxide or their salts (038). According to the Federal

- Code of Regulations (038), caramel coloring may not contain

more than 10 pbm lead, 3 ppm arsenic, and 0.1 ppm mercury. Ash
content should not exceed 8% according to the National Formulary
(112). Additional specifications will vary according to the
manufacturer's requirements, the pH falling between 2.7 and 4.5
and specific gravity averaging 38° BE.

Attempts to analyze caramel have rarely produced results
that can be duplicated because the composition of the coloring
will vary with the temperature and the method of preparation
(132). About 50% of the coloring is digestible carbohydrate,
25% is nondigestible carbohydrate, and 25% is melanodins (010).

Acute toxicity levels for caramel have not been established.
Rats fed 30 ml caramel per kilogram body weight in a single
dose did not exhibit systemic damage or microscopically observ-
able pathology that could be attributed to the coloring (032).
On the basis of this study the LD50 can be expected to exceed
30 ﬁl/kg body weight in rats. o

Toxicological studies concentrated on oral administratioh
of caramel to small mammals. Caramel coloring was obtained
from starch hydrolysates with ammonium hydroxide, sodium hydrox-
ide, bisulfite salts, and sulfurous acid catalysts. Short-term
and long-term studies (031, 051, 067) all indicated that as
much as 10 g/kg body weight could be ingested daily by rats
without causing observable damage or significant changes in
blood or urine. The only study conducted on an individual
human indicated that 120 g per day of pufe caramel had to be
consumed befére metabolic changes were reflected in the urine
(012). L



want to sell their pfoducts at a very low price. It
goes without saying that cheaper grades of caramel are
not proceésed or refined as carefully as the better
quality grades (094). Caramel coloring derived from a
mixture of residual sugar greens or from low-quality
products of the refining process should be evaluated for

safety more carefully than that derived from high-quality
dextrose. '
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CHEMICAL INFORMATION

I. Nomenclature

A. Common names: céramél color, burnt sugar color, brewers' caramel,
béverage ceramel, bakers' or confectioners' caramel, double-strength
distil;ers; caramel.

.B. Chemical name: none.

C. Trade names: caramel E, caramel AB, etc. These consist primarily

of company codes differentiating batches of coloring.

D. Chemical Abstracts Number: MX 8028895

II.A Empirical Formula

It is difficult to reduce the chemistry of caramel to simple terms
for, during polymerization, simple sugars are formed into small and large
suger complexes. It should be noted that the term caramel as used com-
mercially refers to caramel coloring, not to the caramel flavoring produced
when a housewife heaté sugar to the browning point. The impossibility of
duplicating commercial methods in the laboratory (and the secrecy which pro-
ducers maintain), not to mention the complexity of the substance itself,
makes it difficult to obtain results that are reproducible.

A full review of early research on the structure and chemical
composition of caramel is availsble (157). Eugene Peligot in 1838 gave the
name caramel to a substance he found mixed with sugar; Gelis in 1848 con-
firmed Peligot's work and extended it, breaking caramel down into three
substances--caramelan, caramelen, and caramelin (157). Subsequent research
on the chemistry of caramel was carried out by Stolle, Trillat, Ehrlich,
Green and others. In 1917 Cunningham and Doree (157) proposed formulas
for the components isolated by Gelis and later work with purer compounds
established the complexity of products resulting from the polymerization
of suga}. '

Polymerization through thermal action alone yields reductones,
an oxycarboxyl group, and the furanic derivatives furfurole and alpha-
oxymethylfurfurole. Polymerization in the presence of catalysts, as in
commercial production, yiel&s reductones, aldehydes, cyclopental, cyclo-.

hexyl structures such as quiqone, furfurole, oxymethylfurfurole; also



amino pyrrole, imidazole, pyridine, pyrazine, and imino. derivatives
(157). 1In addition to these compounds, caramel made from refined

sugar will have as coloring matter, nitrogen-free compounds, melanoidins
(138), iron complex coloring compounds, and the fractions designated

isosaccharosan, caramelan, caramelen, and caramelin (005).

III. Structural Formula

The complex and indeterminate nature of caramei precludes a
specific structural formula. However, acid-base titration curves indicate
the presence of four definite reactions for which tentative structural
interpretations have been made. The pK's representing sulfonic acid
ionization, quaternary ammonium ionization, secondary amine dissociation,
and -OH dissociation-ionization, respectively are 3.6, 6.1, 9.0, and 11.2.
Seventy percent of the sulfur is in the form of a titratable group while
only 12% of the nitrogen present is in the form of a secondary amine.
Apparently one -OH group is present per six carbons and a formula weight
of 130 is found with CgHsOp (S qy30,073) (N, 16H,16) where the sulfonate

replaces an -0ll and the secondary amine replaces an ether bridge (00k).

Iv. Molecular Weight

The molecular weight of a specific caramel color can be obtained
by measuring'the diffusion coefficients of fractions precipitated with
ethyl alcohol., Using the Einstein equation and these diffusion coeffic-
ients along with the measured partial specific volume, molar volumes can
be calculated. Following these methods, the average molecular weight for
28% caramel is 78,000 with 40% hydration; for 18% it is ca. 10,000, 23%, .
5000, and the remainder, ca. 500. High-speed centrifugation has given a
molecular weight of over 1 million for 0.7% caramel. With a 75% dialysate,

it is estimated that 24% of the caramel has a molecular weight over 12,000
(ook). ' '



ll 5 V. Specifications

A. Chemical: Chemical specifications for caramel will differ
according to its intended use (see Section VI.B). Some sample commercial

specifications¥ are:

Caramel Moisture _ 3.0% maximum

Powder: Total ash - 7 107 maximum
Water insolubles ‘0.5% maximum
Color ' | - 62+ 3% transmission

Extraneous matter
Macro _ ~ None
Micro ) None

Microbiological examination

Standard plate count - 1000/g maximum

Yeast-mold count 100/g maximum

E, coli _ Negative

Caramel Total solids 66-67% (36° Be at 60°F)
' Liquid: Totul ash ’ 3.5% maximum

pH (as is) 2.90 + .05
Viscosity at 80°F 160 1;10 cps
Acid boil test . A rating after 2k hr
Iron , 10 ppm maximum
Copper A 1.5 ppm maximum
Lead » 2 ppm maximum
Color (0.1% soln.)

Wavelength . % transmission

600 mp 75
- 500 mn 43
400 mp 8

Extraneous matter

Macro None

Micro None

(-\ ¥ GSpecifications are taken from confidential manufacturers® reports

furnished as part of an NAS/NRC Food Protection Committee survey.



Microbiologicel examination

_ Standard plate _ - 1000/g maximum
Yeast-mold count 100/g maximum
E. coli Negative
Double- pH as is 2.5 minimum -~ 4,5 maximum
strength ' ; .
Distillers Ash : 0.2% maximum
Caramel: Iron 5 ppm maximum
Copper - _ . .5 ppm maximum
Color 300 Klett units
Viscosity _ Fluid
Solubility _ Immediate (1 g in 100 ml of
110-proof spirits)
Stability No turbidity or flocculation
' after 24 hours at room
temperature.

B. Food Grade: The Code of Federal Regulations (038) specifies
that caramel may be made from food grade dextrose, invert sugar, lactose,
malt syrup, molasses, starch hydrolysates and fractions thereof, and sucrose.
Caramelization of these substrates may be assisted by the following sub-
stances in amounts consistent with good manufacturing practice: acetic acid,
citric acid, phosphoric acid, sulfuric acid, sulfurous acid, ammonium
hydroxide, calcium hydroxide (U.S.P.), potassium hydroxide, sodium hydroxide,
and the salts comprising ammonium, sodium or potassium carbonate, bicarbonate,
phosphate (including dibasic phosphate and monobasic phosphate), sulfate
and sulfite, ‘

This regulation goes on to state that certain polyglycerol esters
of fatty acids identified in the regulations may be used as antifoaming
agents in amounts not greater than that required to produce the intended
effect. The Code also states that color additive mixtures for food use
made with caramel may contain only diluents that are suitable and that
are listed in this subpart as safe in color additive mixtures for coloring

foods,



The Code sets forth specifications for limits on lead,

arsenic and mercury:

Lead (as Pb) — Not more than 10 parts per million

Arsenic (as As) ———wmmemeeeo Not more than 3 parts per million
Mercury (as Hg) Not more than 0.1 part per million

Finally; the Code states that caramel mayAbe safely used for color-
ing foods generally, in amounts consistent with good manufacturing practice,
except that it may not be used to color food for which standards of identity
have been promulgated under a stipulated section of the act unless added
color is authorized by such standards.

British Standard 3874 (022) specifies that the density of a 10%
w/v solution of caramel shall be not less than 1.0213 g/ml at 20°C. Color
intensity of the caramel shall be not less than 20,000 EBC* units. Caramel
intended for use in foods should not contain more than 20 ppm copper
calculated on a dry basis, 3 ppm arsenic, or more than 5 ppm lesad.

The National Formulary (112) specifies that 1 part of caramel
dissolved in 1000 parts water should yield a clear solution with a distinct-
ive yellowish-orange color which remains unchanged, with no precipitate after
exposure to sunlight for 6 hours. Caramel spread in a thin layer on a glass
plate appears homogeneous, reddish-brown, and transparent. Caramel is
miscible with water and is soluble in dilute alcohol up to 55%. It is not
soluble in ether, chloroform, acetone, benzene, and solvent hexane. Specific
gravity should be not less than 1.30, and the addition of 0.5 ml of phosphoric
acid to 20 ml of a solution of caramel should produce no precipitation.

When incinerated, caramel swells and forms a cokelike charcoal that burns
off after prolonged heating at & high temperature. It should yield not
more than 8% ash.
VI. Description
A. General Characteristics

Caramel is an amorphous, dark-brown substance with a character-
istic odor of burnt sugar and a taste that varies from sweet to bitter,
depending on its pH. It is most commonly manufactured as a viscous liquid,
but solid and powdered caramels are also available, The solid form is

reddish-brown, brittle, amorphous, and highly deliquescent (018).

¥ Furopean Brewery Convention



Caramel is a colloidal aggregate that is dispersible in water,
partially dialyzable, and partly dispersible in alcohol-water solution.

Its isoelectric point and pH can vary widely. Approximately 50% of the
coloring is digestible carbohydrate, 25% is nondigestible carbohydrate,
and 25% is melanodins similar to those found in roasted coffee or broiled
meat (010). v

There are three basic grouﬁs of caresmel: cane sugar, which has
a very low tinctorial power, but which will withstand concentrations of
alcohol as high as 190 proof; malt caramel, which is prepared from malt
syrup or a combination of malt syrup and corn sugar syrup; and corn sugar
or dextrose caramel., This last is the important commercial coloring used
in the United States and other countries (049).

Caramel coloring may further be classified by the type of
catalystjused to aid production of color aggregates. These are alkali
caramels (ammonia or a caustic soda) and ammonia-sulfur dioxide caramels
(018). The major reactant may consist of any food-grade reducing sugar.
Additives, which must also be food grade, include acetic, citriec, phosphoric,
sulfuric, and sulfurous acids, and ammonium, potassium, or sodium hydroxides,

various salts, and a limited amount of polyglycerol esters of fatty acids

(018).
B. Physical Properties

At 500 my the coloring power for all polymerized substances in
caramel is equivalent on a per gram basis. Intrinsic viscosities have
been measured on frectionated and dialyzed cafamels and indicate that
caramel is primarily spherical in nature and has the pfoperty of a dis-
persed polyelectrolyte, the solubility of which is dependent upon the
hydration of ionized polar groups (00k4).

The physical properties of any caramel vary according to its
commercial use. Among characteristics taken into account when a manufacturer
chooses a caramel coloring are tinctorial power, specific‘gravity,_pﬂ,
ash content, foaming properties, acid fastness, alcohol stability and

isoelectric point (0L9).



Tinctorial power is one of the most important properties of

caramel coloring. Usually this is determined by diluting 1 g of the
coloring in 1 liter of water and measuring the solution against a

Lovibond No. 52 caramel glass slide. Spectrophotometers and colorimeters
are also used when available. The best wavelength for measurement is

from 590 to 64O mpy. A recent attempt has been made to establish coloring
pover by measuring the extinction of monochromatic light. (Wavelength of
0.4 - 0.73) over & concentration fange of 0.62 - 2.5 g caramel per 100 ml
waterA(063). A satisfactory tinctorial power varies according to the user,
bakers and confectioners requiring a higher tinctorial power than brewers
and soft drink manufacturers.

Specific gravity may vary from 30° to 40° Bé, but average 38° Bé.

The variation is caused by attempts to adjust solids, tinctorial power,
and viscosity. The last is important, for if a caramel is too thick it
will not flow, but if it is diluted too much it loses tinctorial power.
A good quality acid-proof caramel color should weigh about 11 1b. per gallon
and have a Be of 34,5 ~ 36.5° at 60°F,
e pH varies from 2.7 - 3.3 for acid-fast beverage color to
3.2 - 3.6, for foaming beverage caramel and 4.0 - 4.5 for bakers' and brewers'
colors (OL49). Above a pH of 6.0 the coloring is susceptible to mold while
if the pH falls below 2.5 the caramel tends to resinify.

The ash content depends on the content of the starting sugar.

No. 70 dextrose contains about 0.6% ash on a dry basis, but this may be in-
creased by condensation or salts used as catalysts (049).

Manufacturers of soft drinks must consider the foaming properties

and the acid fastness of a caramel coloring. The latter property ensures

that the coloring will not floc or precipitate in an acid beverage.
Colors used in imitation vanilla extract and pharmaceutical

syrups and extracts must have alcohol stability. This is tested by adding

l.g of caramel color to 100 ml of an alcohol solution. A good caramel will

remain clear indefinitely in 70% alcohol.



Caramel, as a colloid, carries an electrical charge, the
nature of which depends on the manufacturing method. If the pH of

the caramel is above its iscelectric point, the caramel is negatively

charged; below, it is positive. 1In order to prevent precipitation
in soft drinks such as root beers and colas, the caramel must have
a strong negative charge and its isoelectric point should be at pH 2
or less (056). .

C. Stability in Containers

Ceramelization continues after processing, although at a slow

rate, and the coloring should be stored at a cool temperature. A
quality caramel may keep for over a year without thickening if stored
properly (128). Liquid caramel must be stored in stainless steel tanks
or polyethylene-lined drums. Powdered caramel is highly hygroscopic and
must bg packaged in polyethylene-lined drums having moisture barriers

and vapor-tight covers and be stored in a cool, dry place.

VII, Analytical Methods

The analytical methods used for caramel fall into two classes -
those used to detect caramel in focd and those used to determine the
constituents of the caramel itself.

There is no simple or unequivocal method for detecting caramel
in foodstuffs, as the variety of European methods attests (079). 1In
the United States, where the use of caramel in wines and whiskies is
strictly limited, several methods have been developed. Most of those
used by the Association of Official Agricultural Chemists are based on
gel filtration with a variety of reagents, and partition chromatography
or colorimetric analysis. The Mathers test, which can be used on beer,
vinegar, cordials and flavoring extracts, uses successive precipitations
and ceﬁfrifugations with HCl-alcohol to obtain & residue indicsting the
presence or absence of caramel. Briefly, this test consists of the

following procedure (169).



One milliliter of pectin solution‘(made by dissolving
1l gm of pectin.in 75 ml of wéter and adding 25 ml of
alcohol) is added to 10 ml of the sample to be tested.
To this material, which is in a centrifuge bottle, 3
drops of concentrated HCl are added and the bottle is
then filled with alcohbl._ It is shaken well and cen-~
trifuged for 5-10 minutes or more. The supernatant is
decanted off the residue and the residue dissolved by
adding 10 ml water and shaking. Three drops of con-
centrated HC1l and 50 ml or more of alcohol are added;
the bottle is shaken again and centrifuged. This
process is repeated until the upper alccholic layer

is clear and colorless. After the final decantation
the residue is dissolved in 10 ml hot water. A color-
less solution indicates that no caramel is present.

A clear brown liquid indicates caramel in most cases.
This can further be confirmed by adding 1 ml of reagent
(1 g of 2, h-dinitrophenylhydrazine in 7.5 ml con-
éentrated sulfuric acid brought up to 75 ml with 95%
ethyl alcohol) to the residue in 10 ml hot water. The
bottle is immersed in a beaker of boiling water for

30 minutes. When substantial asmounts of caramel are
present a precipitate is formed. For further confirma-
tion when the amount of caramel is slight, the hot
test solution can be poured on a small filter paper
and washed with hot water. If caramel is present, a

reddish brown precipitate will be scen on the filter,

The Mallory-Love test (099) uses organic acids and solvents to free

caramel from other coloring matter. Stinson and Willits (150) developed

8 gel filtration method using cross-linked dextran that allowed them to

separate caramel colors from sugar and salts in one pass through a large

Sephadex column.



As indicated earliqr, attempts to analyze caramel have met
with limited success. Tpe composition of a caramel variés with pH,
temperature of heating, and the type of sugar used in preparing it.
Thus, early attempts to break down caramel rarely produced results that
could be replicated. Shumacher and Buchanan (145) in 1932 heated dry
sucrose without a catalyst to make a systematic comparison of caramel.
They prepared three series of caramels at 180°, 200°, and 210°C., By
plotting loss of weight against time 6f heating, they established the
points at which isosaccharosan, caramelan, and caramelen would form.
Caramels of low molecular weight were found to have low color values
and to dialyze largely -~ thus higher color values are produced by more
complete hydration. '

Thin-layer and paper chromatography of caramelized sucrose
carried out by Kitaoka and Suzuki (086) gave a great number of close
. spots in a belt such that the spots could barely be distinguished from
each other., They were able to isolate 15 compounds, including unchanged
sucrose, hydrolysis products of glucose and fructose, dehydration products
of levoglucosan, and three alpha-glucodisaccharides of isomsltose,
kojibiose, and nigerose.

Ramaiah and co-workers (132) prepared caramel from glucose,
fructose, sucrose, maltose, and liquid glucose. These caramels were
separated by precipitation with alcohol and examined chromatographically
with Whatman No. 1 paper and n-butanol-ethanol- water solvent. Four
reducing compounds are shown with Rf values of (x100) 6.5, 4.35, 1.k, and
0. These appeared whether a single sugar or a mixture of sugars was
caramelized. A spot at an Rf of 0 indicated the presence of one or more
reducing substances of relatively high molecular weight. 'These authors
compared caramel prepared by heating sugar at 200°C and by heating a
sugar solution at 100°C in the presence of an alkali. Analysis by the
above methods showed that sugar prepared without a catalyst had an
additional reducing compound with an Rf of 8.7. The authors concluded
that the composition of caramel varies not with the sugars, but with the

method used to prepare it.

10



._( \ VIII. Occurrence and Levels

Since caramel is a manufactured substance, produced by
heating sugars, it does not occur naturally in plants or animals.
~ Potatoes will caramelize during frying (076) and evaporated milk
stored for long periods develops & brown color and caramel flavor
owing to the caramelization of lactose that is initiated during
sterilization {(0L46). No synthetic or natural inorganic sources were

encountered in the literature.

11



BIOLOGICAL DATA

I. Acute Toxicity

.One acute toxicity study was found in the literature. The
caremel coloring tested consisted of two types of caramel, single-
strength beverage and single-strength bakers' caramel,'the first made
from starch hydrolysates, the last from molasses. The catalysts used
wvere ammonium hydroxide, sulfuric-and sulfurous acids, and sodium hydrox-
ide. Thirty Sprague-Dawley rats were fed 20-30 ml/kg.body weight in a
single dose. The animals were observed for 14 days and then sacrificed.
Microscopic examination revealed no systemic damage snd the author concluded-
that the LD5p must exceed 30 ml/kg body weight (032).

II. Short-term Studies

The following summaries are representative of 11 studies examined
in order to determine the effects of caramel coloring on small mammals,
A, Rats
1. Method (051)
Substance: Seven caramels obtained from starch hydrolysate;
102B, single-strength beverage, ammonium hydroxide, bisulfite
salts, and sodium hydroxide catalysts; 103B, single-strength
beverage, ammonium hydroxide and sulfurous acid catalysts;
104B, single-strength beverage, sulfuric acid, ammonium hydrox-
ide, bisulfite salts, and ammonium sulfate catalysts; 107B,
sulfuric acid, ammonium hydroxide, bisulfite salts and smmonium
sulfate catalysts; 108B, residual sugar, no catalysts; 109B,
acid-treated sugar, sulfuric acid and sodium hydroxide
catalysts; 110B, double-strength beverage, ammonium hydroxide,
bisulfite salts, and ammonium sulfate catalysts.
Species: Rats
Strain: Sprague-Dawley
Sex: Mand F

Age at start of experiment: Not given

12



2.

Duration of study: 21 days dosing plus 2 weeks observation = 35 days
Vehicle: Distilled water '

Dose schedule: 0.5 ml caramel/day

Route: p.o. -~ intubation

No. of animals per level: 10

Observations

Symptomatology: Some diarrhea, soft stools

Weight gain or loss: Comparéble with cqntrols

Survival: 99% (One death due to intubation difficulties)
Urine analysis: Not done

AHematology:- Not dcne

Organ weights: ©Not given

Gross pathology: Kidneys, liver, spleen, heart, stomach, colon,
small intestine examined for 16 animals. No gross pathology. seen.

Microscopic pathology: Heart, kidneys, adrenals, and liver
examined. Eight out of 16 animals (including controls) showed
slight to moderate congestion of liver or spleen.

No reproductive indices, carcinogenic, teratological, or
mutagenic observations made.

No significant adverse effects noted.

Method (031) }

Substance: Caramel 25A-1, single-strength beverage obtained from
starch hydrolysate with ammonium hydroxide, sulfurous acid, and
sodium hydroxide catalysts; 30B-0 single-strength bakers' caramel
obtained from starch hydrolysate with sulfuric acid and ammonium
hydroxide catalysts; 30F-1, single-strength bakers' caramel from

molasses with ammonium hydroxide and sulfurous acid catalysts.

. Species: Rats

Strain: Sprague-Dawley

Sex: M and F

Age at start of experiment: Weanling
Duration of study: 90 days

Vehicle: Purina lab chow

Dose schedule: ad 1lib daily, 10 g/kg body weight of each of
three caramel colors. :

13



Route: p.o.
Nunmber of animals per level: 20

Observations:

Symptomatology: None
Weight gain or loss: Comparable with controls
Survival: 100%

Urine analysis: 4O animals tested at beginning of experiment,
and at 1, 2, and 3 months., Sugar, albumin, and acetone were
either negative or trace. :

Hematology: U0 animals tested at beginning of experiment, and
at 1, 2, and 3 months for hemoglobin, hematocrit, WBC, and
differential cell count. No significant differences noted.

Special tests: None
Organ weights: Not given

Gross pathology: 80 animals sacrificed and examined for gross
systemic damage. All dosages 10 g/kg body weight except control.

Microscopic pathology: ©Small intestine, lungs, heart, adrenals,
kidneys, pancreas, liver, spleen, stomach, cecum and colon
sectioned and examined for 40 animals. Occasional lymphoecytic
peribronchiolar infiltration was noticed, along with some con-
gestion in lungs, kidneys, or adrenal medulia in 8 out of 30
animals, However, 3 out of 10 controls showed the same con-
gestion and L had peribronchiolar infiltration.

No reproductive indices, carcinogenic, teratological, or
mutagenic observations made.

Special observations: The authors found that the cumulative
efficiency of food utilization was lower for the experimental
groups than for the control and that the percent of efficiency
varied from 76.35 to 81.08 compared to controls. They infer
from this thst caramel colerings have a questionable nutritive
value, if any. While weight gains in the experimental group
were less than those of the controls, food consumption was
greater,

Method (030) _

Substance: Two double-strength beverage caramels derived from
a starch hydrolysate were used, Catalysts were ammonium hydrox-
ide, sulfurous acid, and bisulfite salts.

Species: Rats

Strain: Sprague-Dawley

Sex: M and F

14



Age at start of experiment: Weanling
Duration of study: 90 days

Vehicle: Purina lab chow

Dose schedule: 10 g/kg; 5 g/kg body weight
Route: 7p.o.

Number of animals per level: 20

Observations:

Symptomatology: None ‘
Weight gain or loss: Comparable to controls
Survival: 100%

Urine Analysis: 60 animals tested at beginning of study and
at monthly intervals thereafter for albumin, acetone, and
sugar. No significant abnormalities noted.

Hematology: Blood tests made at beginning of stﬁdy and at
monthly intervals on 60 animals for RBC, hemoglobin, hematoerit
and WBC and differential count. No abnormalities noted.

Organ weights: Not given

Gross pathology: 30 animals sacrificed and examined for gross
systemic damage. None noted.

Microscopic pathology: Liver, spleen, pancreas, lungs, kidneys,
brain, heart, gastrointestinal tract, lymphoid elements,
adrenals, thyroid and parathyroids examined microscopically.

No sbnormalities as compared with controls noted.

No reproductive indices, carcinogenic, teratological, or
mutagenic observations made.

Dogs

Method (072)

Substance: Single-strength acid-fast caramel
Species: Dog

Strain: Beagle

Sex: M and F

Age at start of experiment: Adult

Duration of study: 90 days

Vehicle: Purina dog chow, beef, and corn oil mixture

Dose schedule: 6.0, 12.5, and 25% of sample by weight in lab chow.

Route: p.o.

Number of animals per level: 6



Observations:

(ﬁh\ Symptomatology: None
Weight gain or loss: Comparable to controls
Survival: 100%

Urine analysis: 24 animals tested for reducing substance,
albumin, and microscopic elements at beginning of study and
45 and 90 days following start of test. No abnormalities
noted. ’

Hematology: Hemoglobin concentration, erythrocyte count,
and total and differential leukocyte counts.made at the
beginning and at 45 and 90 days following start of test.
No abnormalities noted.

Special tests: Liver and kidney function tests were conducted
at the same time intervals as the urine and blood tests.
There was no evidence of organ dysfunction.

Organ weights: Not given

Gross pathology: All body organs and glands examined for
2k dogs fed 6.0%, 12.5% and 25% caramel w/w. Findings for
test dogs were comparable to those noted among controls.

No reproductive indices, carcinogenic, teratological, or
mutagenic observations made.
('\ III. Long-Term Studies
‘ A. Rats

1. Method (067)

) Substance: Three caramels obtained from starch hydrolysates
with ammonium hydroxide and sulfurous acid catalysts. Three
obtained from starch hydrolysates with ammonium hydroxide,
sulfurous acid, and sodium bisulfite catalysts.

Species: Rats

Strain: Wistar

Age at start of experiment: Weanling
Duration of study: 300 days

Vehicle: Tap water

Dose schedule: 30 ml 10% caramel sblution; 30 ml1 20 % solution;
or 2,7 g/day and 5.4 g/day :

Route: p.o.

Number of animals per level: 10

16



Observations:

Symptomatology:' Néne

Weight gain or loss: Comparable with controls
Survival: 100%

Urine analysis: Not done

Hematology: Hemoglobin, RBC, WBC, neutrophils, basophils,
eosinophils determined for 10% and 20% levels with varying
number of rats.

Special tests: None
Organ weights: Not given-
Gross pathology: Not given

Microscopic pathology: Liver, spleen, kidney, stomach, heart,
lungs, pancreas, gonads, duodenum, small intestine, and large
intestine examined on 24 representative animals for both dosage
groups. No damage seen that was considered to be caused by
ingestion of caramel.

Number of generations and litters in a reproductive study:
Records kept but not reported in study. DNo appreciable dif-
ference seen in size and number of litters between test animals
and controls. '

Reproductive physiology: None given
No carcinogenic, teratologicél, or mutagenic observations made.

Special observations: Absorption studies were carried out.
These will be discussed in Section II of Biochemical Aspects.

Remarks: The authors selected 50 rats which were the offspring
of the test animals in the experiment described and repeated
their experiment using a 10% caramel solution for 100 days.
At the end of this period, sections from 4 animals were fixed
for histological examination and blood counts taken for 8 animals.
Growth curves and blood counts for the second generation were
normal. Histological examination of tissues revealed no abnormal-
ities which the authors could construe as having been caused by

- the ingestion of caramel.

IV. Special Studies

The process used to combine ammonia and corn syrup solids or
invert sugar to produce caramel coloring is similar to that used in produc-
ing ammoniated feed supplements from agricultural sugar (0l1). Conéequently,
concern was aroused when several cases of hysteria and convulsions were

reported in farm animals, particularly beef cattle, that were fed ammoniated
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molasses. Manufacture of ammoniated molasses subsequently has been

gbandoned because farmers persisted in feeding excessive‘amounts of the

low-cost dietary supplement (011).

Wiggins in 1955 used chromatographic analysis to determine

the substances produced during ammoniation of molasses.

He isolated

imidazole and pyrazine derivatives and identified 4(5)-methylimidazole

(4-Me-I).

He did not take his analysis further (011).

In 1969 Nishie and her co-workers (115) reopened investigation

reducing sugars.

only l-Me-I was found to have toxic effects.

~of the toxicity of compounds formed by interaction of ammonia with

Of the large variety of imidazoles and pyrazines tested,

Nishie et al. used male albino mice (20-25 g) to determine the

median convulsive dose (CD50) and the median lethal dose (LD5p) of the

imidazoles, the median protective dose (PD5g) of anticonvulsants against

a 90% convulsant dose of h-Me-I, and the effects of L-Me-I on spontaneous

motor activity.

Their findings on CDg5p and LD5g are summarized in the

table (see original paper for motor activity and anticonvulsant effects).

All the imidazoles tested produced varying degrees of tremor, running,

restlessness, sialorrhea, Straub tail, opisthotonus, and tonic extensor

seizure that ended in death.

Convulsant and Lethal Effects of

Imidazoles, Pentylentetrazole, and Pyrazine in Mice

(15£Z/m1 CDso + SE(mg/kg) LDs5p * SE(mg/kg)

in Hx0) i.p. pP.C. i.p. pP.O.
L-Methylinidazole 8.2 155 + 5 360 + 18 | 165 + 3 370 + 15

(4-Me-1)

1-Methylimidazole 9.2 380 + 8.2 | 1400 + 79 | 380 + 8.2 {1400 + 79
2-Methylimidazole 10.2 500 + 12 | 1300 + 70 | k480 + 18 | 1400 + 11k
Imidazole 9.8 560 + 34 | 1880 + 45 | 610 + 7.4 | 1880 + 45
Pentylenetetrazole 7.8 38.5 + 3. 75 + 5.2 | 134 + 7.4 21k + 15.5
Pyrazine 6.8 Not convulsant 2000 2000
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Nishie et al. also determined the CDgp and LDgq of L-Me-I
in 1-day-old chicks. The i.p. CD5p (+ SE) was 174 * 10 g/kg; the LDgg
was 210 + 15 mg/kg. Per orally, the CD50 was 580 + 30 mg/kg and the
LD5p was 599 + 50 mg/kg. Doses of 100 mg/kg i.p. caused tremors,
peeping, and spreading of the wings. Doses greater than 150 mg/kg i.p.
caused opisthotonus, prostration with clonic leg movements, and terminal
tonie extensor seizure. | |

Rsbbits were used to determine the effect of L-Me-I on EEG,
respiration, and ECG. Toxic manifestations included abrupt paralysis
of respiration, cyanosis, and gradual cardiac arrest.

Seizures in mice were prevented by chlordiazepoxide and pheno-
barbital; these compounds given to rabbits at the onset of convulsions
prevented epileptiform seizures and death.

Nishie et al. extended their work a year later to study the
. pharmacology of the alkyl and hydroxyalkylpyrazines produced in the am-
moniation of glucose (116). They found that convulsions induced in mice
by pentylenetetrazole and L-Me-I were prevented by pyrazine and its hypnotic
derivatives., This investigation provided further evidence that the chieﬁ
toxic factor in ammoniated molasses is 4-Me-I. Nishie and co-workers
concluded that since pharmacologically antagonistic methylpyrazines and
methylimidazoles occur simultaneously in the ammoniation of glucose, the
toxicity of the mixture depends on the relétive ratios of these substances
(116). ‘

Remarks )

The fact that none of these toxic manifestations have been seen
in animals tested with caramel coloring may be owing to several factors:
(1) Pure, simple carbohydrates are used in making caramel color while
semmoniated feed is produced from complex mixtures of natural components
in agricultural wastes; (2) These latter supplements are produced under
alkaline conditions, caramel under neutral to acid conditions (Nishie's
table shows that the higher pH values of the compounds tested produced

CD5p values); (3) Animal food supplements such as ammoniated molasses
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contain large amounts of imidazoles and pyrazines while caramel colors
apparently do not contain these substances in significant amounts.
Levels of consumption must also be considered in evaluating this
information. A child that consumes five bottles of soft drink would

be obtaining only 1/60th as much caramel color per kilogram of body
weight on a nitrogen basis compared to an animal fed lvlb. of ammoniated
supplement at a level of 6-25% in a ration. (This is the ratio known

to cause hysteria in some farm animals (011).
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BIOCHEMICAL ASPECTS

I. Breakdown v

Caramelization continues after the manufacturing process is
finished, and after prolonged storage under extreme heat or dampness
or other adverse conditions, caramel ¢an resinify into an amorphous,
irreversible gel that is not usable. It should be nofed that caramels
of a high acidity have a deteriorating effect on metals. This is
counteracted by shipping the caramel in polyethylene-lined drums, but
vwhere the caramel is used in food products that are stored for a long
time, particularly if the caramel is made from dextrose, it can be
expected to accelerate corrosion of tin cans that do not have a
protective lining (033).

II. Absorption-Distribution

~ There is very little available in the literature on the
biochemical aspects of caramel. Haldi et al. (067) as part of a long-
term experiment on toxicity carried out absorption studies with rats
given 30 ml of 10% and 20% caramel solutions daily for 100 days. The
feces were collected, leached, and caramel extracted. The difference in
the amount of caramel in the feces and the amount ingested by each rat
is reported as caramel absorbed. These workers found that while there
were wide variations in caramel absorption from day to day, the average
amount absorbed remained constant. They concluded from their limited \
observations that about one-third of the color-giving components of caramel
may be absorbed by the albino rat (067).

III. Metabolism and Excretion

The metabolic studies that have béen done on caramel were
carried out with caramelized sugar heated without a catalyét. These
studies were undertaken in order to find a suitable sugar substitute for
the diabetic. Grafe and Schroeder (061) found in 1924 that the intestinal
enzymes of the normal and diabetic man cannot .split levoglucosan and
5-19% of levogluoside ingested appears in the urine. They found blood

sugar slightly decreased and acidosis improved,

~
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A Grafe was one of the first workers to use caramel in treat-
ing disbetics. He found that caramel made by heating dry glucose to
146°C had a favorable effect on glycosuria. F.K. Bahrs, in preparing
his doctoral thesis in 1940 (012) sought to determine the metabolic
effects produced by substitutions of caramel for sugar. He prepared
a diet for himself that had an albumin content of 56 g and & caloric
value of 2300. The 410 calories of sﬁgar in the diet were replaced by
caramel. Bahrs followed this regimen for 20 days. He failed to find
any increase in urine guotients except when large quantities of caramel
(120 g) were consumed. The urine nitrogen was lower during the caramel
periods. The author suggests that caramel excretion in the feces in-
creased with larger doses (this has been observed in rats) and that
this was the indirect cause of larger nitrogen losses,

More recently, Fournier (052) proposed that enzyme specificity
may explain vwhy caramel and dextrin, which are poorly defined structur-
ally, are less easily metabolized than glucose and starch, their parent

substances.

Iv. Effects on Enzymes

No information

V. Drug Interaction

No information

VI. Consumer Exposure

A caramel manufacturers' committee estimated that 70,000 tons of
commercial caramel colors are produced annually in the-United States, a
figure that suggests an average total consumption of approximately 0.85 g
per person per day (010). However, a survey of 79 selected caramel
manufacturers conducted by the NAS/NRC Food Protection Committee places
the annual production for these firms at 11,500 tons (111). About 75%
of the annual production in the United States is used in soft drinks.

The amount of single-strength color used in beverages such as root beer
and colas is less than 4 g/liter; for double-gtrength coloring it is

2 g/liter. This means that in a normal serving there is 1 g or less of
color (010). '
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The Food Protection Committee of the National Academy of
Sciences National Research Council suggests the following limitations
on foods containing caramel: beverages, 2200 ppm; ice cream and ices,
590 ppm; candy, 180 ppm; baked goods, 220 ppm; syrups, 2800 ppm; meats,
2100 ppm (050). | |

In addition to soft drinks, éaramel is widely used in other
food products. These include fruit'Juicés and jJuice drinks, baked beans,
biscuits, bread, brown bread with as much as 5% of thé total composition
(09k), butter, canned meat products, canned mushrooms and other vegetables,
catsup, cheeses, condiments, confections, caramels, icings, gravies
and sauces, fish pastes, ice cream and sherbet mixes, jams, jellies,
marmalades, mincemeat, pet foods, pudding mixes, pickles and relishes,
soups, table syrups and vinegars. While its use in the United States in
alcoheolic beverages is limited to blended whiskies and some beers, caramel
is widély used in imported apertifs, brandies, cordials, rum, whiskey,

and wines.
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— N DESCRIPTION :

Caramel colors (caramels) are essentially colloidal
aggregates that are dispersible in water, are partly dis-
persible in alcohol-water solutions, are only partially
dialyzable, have some reducing capacity, have little or no

- taste at normal usage level, have isoelectric points and
PH's varying over a wide range. Their colors are various
shades of brown. In general, caramels used in alcoholic
beverage, confections, baked goods and other solid foods
have high isocelectric points, while those used in soft
. @Qrinks have low isoelectric points.
Caramel colors may be classified into two major cate-
- gories depending on the kind of catalyst that is used to
aid formation of color aggregates. They are (1) alkali
caramels (ammonia, caustic soda, etc.) and (2) ammonia-sulfur
dioxide caramels. The pertinent difference between these
types, so far as food use is concerned, is this: in solution
at pH 2.5 the first group is positively charged while the
second group is negatively charged. Any reducing sugar
can be used as the major reactant. Food grade acids, alkalis
and salts in various combinations may be employed to assist
»(’\ caramelization. Reactions may be carried out either at
o atmospheric or at elevated pressure. Reaction temperatures
and times may vary depending on the nature of catalvsts
and pressures. Lists of permissible starting materials
and catalysts are given in some national and international
regulations. For examples, see references 1, 2 and 3.

The chemistry of caramelization is complex and is diffi-
cult to reduce to simple terms. It appears to be a type of
condensation or polymerization in which the simple sugars
are formed into larger units. Small amounts of simple com-
binations are also formed. 1In the case of reactions invoiv-
ing -ammoniz-sulfur dioxide catalyst, the same fundamental
combinations occur with the ammonia promoting the color
formation and the sulfur dioxide contributing a negative
charge. Properly prepared caramel coloring contains oniy
small amounts of ammonia or sulfur dioxide.

In typical products, approximately 50 percent of the
material is still digestible carbohydrate, 25 percent is
non-digestible carbohydrate and 25 percent melanoidins.
These latter complexes are similar to those found in common
Zoodstuffs, such-.as roasted coffee, broiled meats and baked
cereal products.

A0 Additional pertinent information on the types and on the
physical and chemical characteristics of caramel colors is
provided in references 4-11.
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In addition, the following, as sulfates, may not
100 mg. per kg.
chromium, zinc,
of cadmium, selenium, tellurium, thallium, uranium, c

singly or 200 mg. per kg. combined:
barium. There should be no detectabl

.0x soluble barium salts.

On a dry basis.
These values are for caramels having color value

20,000 EBC units.

tion to color strength referred to the U.K. Stan
20,000 EBC (3, Appendix B) or other comparable

method,
methods.

According to the method of Burroughs and Sparks.

W
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; -3 -
SPECIFICATIONS : |
. 1 T2
. ATkali NH3-S0,
Caramels Caramels
hisoeﬂiectﬁic point - >PpH 2.5 : <pH 2.5
opH ' o S>30 >i.8
- Solids content, %, min. | ' f 45 -f, .- 45 o
Ash, %, max. (a) '7‘»10 (b)-. 5. kb)
Nitrogen, $, max. (a) .,,4 (b) 3.5 (b)
Sulfur, %, max. (a) _ 2 (b) 5 (b)
Ammonia (N), $, max. (a)A 0.5 (b) 0.5 (b)
Sulfur dioxide,v%, max. (a) 0.1 (b;c) 0.1 (b,c)
Phoﬁphoroﬁs (P205), %, max. (a) 0.5 (b) 0.5 (b)
Téace metals, mg. per kg; | |
Lead 5
‘Arséhic '3-
B Mercury ‘i'O.l
.20

exceed
antimony,
e traces
hromatg

s of

Higher values are permitted in propor-

dard

(22)
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Uses of caramel colors.

Caramel colors are permitted for use unlversally in
many different foods and beverages. Items that have
been mentioned in several publications, including

- government regulations, are-

.Food beverages. .
fruit juices and juice drinks
soft drinks, colas, root and birch beers

Food products.
baked beans .
biscuits, bread, brown bread
butter
canned meat products
canned mushrooms and other vegetables
catsup (tomato)
cheezes
condiments o : .
confections, caramels, icings I o
fish pastes ‘ C
gravies and sauces
ice cream and sherbet mixes
jams, jellies, marmalades
mince meat
pet foods
“pudding mixes
pickles and relishes
soups
table syrups
vinegars

Alcoholic beverages.

aperltlfs, beer, brandy, cordlals, liqueurs,
rum, whiskey, wines

-Caramel colors are used most extensively in soft drinks.

In the United States, about 75 percent of the annual
production is used in soft drinks. Information con-
cerning the distribution of these colors in other
products is not available.

Consumption of caramel colors. .

It is estimated that about 70,000 tons of commercial
caramel colors are produced annually in the United States.
This suggests an average total consumption of approximately
0.85 grams per person per day. .



-1l - o

in carémel-containing soft drinks, the amount of single
strength color used is less than 4 grams per liter. Only
one-half of this amount of double strength color is

" needed. Information about soft drink consumption indi-

cates that consumption of more than one liter per day

"by any person would be considered unusual. In a normal

serving, there is present only one gram or less of color.
At this level of use, typical caramels (20,000 EBC) .
would contribute only approximately 60 parts per million

of either combined nitrogen or sulfur.

‘The safety of caramel colors.

Many of the animal tests demonstrated that amounts of

caramel equivalent to 700 grams per day could be ingested
by a 70 kilogram man without effect. This amount is

more than 800 times the estimated average total daily

intake and approximately 700 times more than what is
present in one serving of soft drink. One study with
adult rats showed no effect at caramel ingestion levels
two. times higher. It is apparent that the present usage
of caramel colors in food is very low. Its usage is
certainly controlled not by toxicity considerations but
by technical need in accordance with good manufacturing
practice. :

010
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The Toxicology and Chemistry of

Ammoniated Feed Supplements

Recently, there has been some discussion of several

-isolated cases of hysteria and convulsions in beef cattle

and other farm animals caused by the feeding of products

Prepared by ammoniation of sugar-containing agricultural

wastes such as molasses. In addition, a toxic material

~wWas extracted from ammoniated molasses. A chemical,

4-methylimidazole, having convulsant properties has been
isolated from ammoniated molasses extracts.

These observations have stimulated speculation that
caramel colors that are prepared also by ammoniation, some-
times in the presence of sulfur dioxide, of starch hydroly-

sates, invert cane sugar or glucose, may also contain harm-

ful chemicals. Because the results of many toxicological
tests of caramel colors have been completely negative,
the presence of 4-methylimidazole, or any other toxic
chemical, in them had never been anticipated.

In view of a continuing need for reassurance that

011

these colors are safe, it is appropriate to examine, firstly,

the recorded history of observations relating to the use of
ammoniated feed supplements, and of ammoniated molasses

’}n particular, in animal diets; secondly, the pertinent
- aspects of ammoniated feed supplement chemistry; and,

thirdly, the matter of similarity or lack of similarity
between ammoniated molasses and commercial caramel colors.

1. _Ammoniated feed supplements

The first references to ammoniated feed supplements

‘are by Millar (1, 2, 3)during the years 1941-1944. He

treated sugar beet pulp and corn silage with anhydrous
ammonia gas at pressures of 19-200 pounds, at temperatures
of 40-125°C and for times of 15-180 minutes. Products .
prepared from sugar beet pulp containing about 4 percent
nitrogen were fed to cattle and sheep. All were readily
accepted, whether fed alone or combined with other feed;

only one (6.3 percent N) fed by itself was rejected, but

“o
\
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accepted if combined with other feed. Year old dalry
stock ate liberal quantities of a product containing 4.4
percent nitrogen. . No adverse reactions were observed in
any of the feeding experiments.

During the next decade, a number of studies either

carried out by the Commercial Solvents Corporation or
. supported by the Corporation on the preparation of ammoniated
feed supplements from a variety of sugar wastes were reported
(4, 5, 6, 7, 8, 9). Some of the materials used were cane
or blackstrap molasses, hydrol syrup, condensed distillers
molasses solubles, inverted molasses, wood sugar molasses,
" citrus molasses and citrus pulp. These materials were
treated with anhydrous or liquid ammonia at temperatures
- from 20-150°C and for times of 2-12 hours; when required,

suitable pressures were employed. Additional variation
was introduced by neutralizing excess alkalinity with
hydrochloric, sulfuric or phosphoric¢ acids. The nitrogen
content of these products attained 6.5 percent but was
usually about 4.5 percent. None of these products was fed
alone, but at levels no greater than 12 percent in a mixed
ration. Bull calves fed six pounds of ration daily for 30
days grew and gained weight satisfactorily. No adverse
effects of any kind were observed. In other experiments
with dairy calves, milk cows, heifers, ammoniated molasses
was fed at a level of 10 percent of the ration for 90 days.
No ill effects were observed and no dlfferences in metabolic
parameters detected.

_ Research along similar lines at other locations (10,
11, 12, 13) yielded similar results. Ammoniated cane
molasses could replace one-half of the linseed meal used
~as the protein source in a ration for beef cattle and give
better performance with respect to protein and energy than
linseed meal alone. Beef cattle fed ammoniated condensed
distillers molasses solubles at levels from 5-10 percent
of the ration showed no difference in growth from controls.
Sheep fed a ration containing 10 percent of ammoniated
cane molasses or ammoniated condensed distilled molasses
solubles over a period of 225 days grew as well as the
controls. No adverse effects were reported.

Beef cattle (251 in four experiments for 146 days)
were fed several ammoniated products: molasses, citrus
pulp and a saccharified by-product from furfural manufac-
ture (14). At nitrogen levels equivalent to one-fifth
or one-sixth of the protein in the rations, animals showed
good efficiency of weight gain on all rations and a
greater gain per day than controls when fed the ammoniated
furfural by-product. No adverse effects were noted.

d
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In a nitrogen balance study (15) cattle were fed a
variety of ammoniated products prepared from molasses, -
residues derived from furfural manufacture, and dried
distillers molasses solubles, in a mixed feed at levels

--ranging from 15 to 24 percent crude protein equivalent

and compared with comparable rations containing soybean
meal or urea as the major nitrogen source. After pre-

"conditioning, the animals were fed test rations for one

week. In all cases, although the retention of consumed
nitrogen by test animals was not as:great as that by
animals fed non-ammoniated products, their retention of
absorbed nitrogen was quite comparable. No adverse effects

- were noted..

Ammoniated hydrol (corn molasses) was used as a pro-
tein substitute in a ration for wintering young beef cattle

" (16). It replaced one-half of the soybean meal component

at a level of 1.2 percent crude protein equivalent. The
test lasted 140 days. Animals fed the ammoniated product
gained only 10 percent less per day than the control animals.
No adverse effects were noted.

Many experiments in which a great variety of ammoniated

‘'carbohydrate-containing products were fed to farm animals

have been carried out in the United States without any
incidence of adverse effects. Only one report of adverse
effects observed in American studies has been found (17).
In this case, ammoniated molasses fed to beef cattle at
levels of crude protein equivalent to 6 and 18 percent in
a mixed feed ration gave not only poor growth but caused
some animals in all groups to act in a crazy manner after
having been on the ration for eight days. After trans-
ferring the animals to control diets, they recovered.

‘When returned to the test diets, about one-third of the

animals again were affected. No explanation for this effect
was offered. The effect did not seem to be related to the
extent of ammoniation or the amount of product fed. It

is interesting to note, however, that this effect was not
observed in a later experiment (16) described abowve in which
ammoniated corn molasses was fed for 140 days to young beef
cattle at a 1.2 percent level of crude proteln equivalent.

Information received recently suggests that industrial
efforts to prepare commercial ammoniated feeds for farm

‘animals were discontinued for a number of reasons, one of

which was related to the excitement factor. It was not
possible to prevent farmers from feeding excessive amounts
of these low cost feed supplements.

The first report from outside the United States of

-adverse effects in a feeding test of ammoniated sugar

products was published by Wiggins in 1956 (18). He said

011



Sa

Qi o i,v.-' . , _ page 4

. that some animals show a marked reaction to ammoniated

invert molasses and mentioned, for example, one trial in
which two steers were each fed one pound of ammoniated in-
vert molasses (4 percent nitrogen) and three pounds of
citrus pulp. Both took three days to constme this. Then,
on being fed another portion of the feed, they consumed it
more rapidly during the morning of the fourth day. In

the ‘afternoon, one animal developed a violent hysteria;
the other animal was not affected at all. He said that
similar experiences had been recorded in trials in England
and that large scale use of ammoniated invert molasses in

" cattle feeds would be ruled out unless an answer could be
‘found to the toxicity problem.

Wiggins (18) also reported that acidification of the
ammoniated molasses with acid, such as phosphoric, acetic
or lactic would render the product non-toxic. This was
substantiated by a trial with sheep which were fed as much
as two pounds of ammoniated product per day in a concen-
trated ration in two eight week periods separated by a
three week rest period. The sheep were maintained in ex-
cellent condition and no adverse effects were observed. He
also says in another report (19) that ammoniated molasses
at one-half pound per day in a ration fed to water buffalo
was palatable and showed no toxicity.. On the other hand,
one Zebu calf fed in the same manner suffered a severe bout
of hysteria. Acidified product gave no indication of toxic
disorders in sheep and cattle. 1In 1958, a patent was
issued to Wiggins (20) indicating that acidified ammoniated
molasses products were suitable for use as feed for ruminant
animals. -

The English studies referred to above were not pub-
lished until 1958 (21). Tests were run on a British am-

moniated invert molasses and on two similar products made

in the British West Indies which had been treated with phos-
phoric or acetic acid in an attempt to render them non-toxic.
In one cattle test, the level of British product in the

- ration was gradually increased to one pound (in 13 of ration).

After two days at this level, three of five animals in this
test. group developed violent hysteria and blindness. They
were given treatment and recovered. The experiment was
abandoned. In another cattle test with the West Indies
products, the animals receiving phosphoric acid treated
product showed symptoms at a one-half pound level in ‘the
ration. After treatment and recovery, these animals were
fed acetic acid neutralized product with no ill effects

for 18 days. Animals started on acetic acid neutralized ~
product showed no ill effects after 33 days.

011
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Additional tests on weanling rats fed ammoniated
molasses.at levels increasing to 50 percent in a stock
diet showed poor growth but no toxicity. Acetic acid
treated product was toxic to guinea pigs when fed at
levels higher than 10 percent in the diet.

Although the results of experiments with ammoniated

- feed supplements are conflicting in many instances, there

is no doubt that these products can, under certain cir-
cumstances, produce undesirable reactions in some animals.
Precisely what causes these reactions and why some_animals
react so violently when others do not, is not know: The
relationship between chemical and toxicological information,
as it exists at the present time, is described briefly in
the following section. : ' :

2.  The chemistry and toxicology of ammoniated sugar

Eroducts

Wiggins (22) in a study of chemical changes occurring
during ammoniation of molasses found by chromatographic
‘analysis that a number of imidazole and pyrazine deriva-
tives had been formed. A definite identification of
4 (5)-methylimidazole was made. The list of identified
compounds was extended (18) to include some pyrazines.

By crude technics, he concluded that ammoniated molasses
contained about 10 percent imidazoles and 20 percent
pyrazines, and accounted for most of the fixed nitrogen.

In addition, in search of the cause of toxicity,
Wiggins (18) made an ethyl acetate extract of ammoniated
molasses, evaporated off the solvent, dissolved the
residue in water to a level of 5.4 percent nitrogen and
mixed this solution with chick starter ration in a ratio
of 25 milliliters of solution to one pound of ration.

He also prepared a ration made from the aqueous residue

. remaining after ethyl acetate extraction and starter in

the same proportions. Chicks fed ethyl acetate extract-
ables developed hysteria within three days; some died. )
Those fed the other fraction lived normally for 12 weeks.
It seems clear that the toxic principles were extracted
with ethyl acetate. Wiggins did not continue his work

'to associate toxicity with either imidazoles or pyrazines.

Recently "in view of the current interest in the -
safety of ammoniated commodities, including the use of
ammonia in the deallergenization of castor bean pomace
and for the detoxification of mycotoxin-contaminated oil

.seed meals," Nishie and her co-workers (23, 24) decided

to reopen the investigation on the toxicity of some of
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the compounds formed by interaction of ammonia with re-
ducing sugars. A great variety of imidazoles and pyra-
zines were tested. Only 4—methy11m1dazole had any effect;
it was found to be a convulsant in moderate doses

(Chsq + SE[mg/kg], 360 + 18, oral) in a decreasing order

- of sensitivity in rabbits, mice and chicks. At subconvul-
-sant doses, spontaneous motor activity was also decreased
.in mice. The present state of knowledge indicates that

4-methylimidazole is the only tOXlC compound in ammoniated
- feed supplements.

About the pyrazines, Nishie et al. say they "are
central depressants with weak hypnotic and anticonvulsant

characteristics and possess a low order of toxicity. They

can prevent seizures caused by 4-methy11m1dazo1e.

3.  The relationship between caramel colors and ammoniated

- feeds

There is some similarity between the process used to
comblne ammonia with agrlcultural sugar containing wastes

and that used to combine ammonia and corn syrup solids or

invert sugar and also that used to combine ammonia, sulfur
dioxide (sulfite) with corn syrup solids or invert sugar.
There is obviously some difference in the composition of

the end products in every case, inasmuch as the toxic effects

observed after feeding ammoniated feed supplements to farm

animals have never been observed after feeding the two majox

types of caramel to rats and dogs. This could be due to

‘the following: (1) relatively complex mixtures of natural

components in agricultural wastes are used in ammoniated

feed supplement manufacture; (2) pure simple carbohydrates
are used in caramel color manufacture; (3) these supplements

are manufactured under alkaline conditions; caramel colors,

under neutral to acid conditions; (4) supplements, espec1ally

those from ammoniated molasses, contain large amounts of
imidazoles and pyrazines; and (5) caramel colors apparently
do not contain these chemicals in any significant amounts.
Unpublished analytical information recently obtained shows
that caramels contain much less nitrogen and only from

0.002 - 0.020 percent of 4-methylimidazole. Work in progress
will® provide additional information on the 4-methyllm1dazole

content of a variety of caramels.

Furthermore, levels of feeding ammoniated products in

the diets of animals, or in human beings, prov1de some basis

for comparing their toxic potentials. It is evident that-
about one pound of ammoniated feed supplement (4-6 percent
nitrogen) at a level of 6-25 percent in a ration will cause
hysteria in some farm animals. There has been a great
variability in effect whlch ‘may be related to differences

“0
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in composition of materials used for the preparation of
ammoniated products. Caramels, on the other hand, which
have much lower nitrogen contents and contain only traces
of 4-methylimidazole, have been fed to animals at high
levels, representing in man daily intakes of more than
one pound, with no adverse effect. Furthermore, a high
level of beverage consumption (five bottles per day) even

by a child would represent ingestion of only one-sixtieth

as much caramel color per kilogram of body weight on a
nitrogen basis as compared with ammoniated molasses fed
to cattle referred to above. Calculations, based on the

'~ Nishie studies of convulsive activity of 4-methylimidazole,

indicate that a 20 kilogram child would have to drink about
30,000 ten-ounce bottles of beverage in one day to ingest
a quantity of this imidazole equivalent to the CDg5g value.

At this time, the facts permit the following conclu-
sions: (1) Some ammoniated feed supplements, but not all,
are toxic to some animals. (2) Several imidazoles and
pyrazines have been isolated only from ammoniated molasses.
{(3) Only one of these compounds, 4-methylimidazole, is a
toxicological convulsant. (4) Pyrazines are anti-convulsants.
(5) Effects in some feeding experiments may be influenced
by the relative proportions of 4-methylimidazole and pyra-
zines in different supplements. (6) No toxicity has ever
been observed during experiments in which a variety of
commercial caramel colors have been fed at high levels
to rats and dogs. (7) Preliminary analyses indicate that
insignificant amounts of 4-methylimidazole are produced
during the preparation of commercial caramel colors.

And (8), research on the chemical composition of caramel
colors, particulary with reference to 4—methy11m1dazole,
should continue. :
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The Influence of Caramel on the
Human Metabolism

For a long time, a lavish use has been made in public nourishment
of foodstuffs and for luxury products that have been exposed to
the roasting process; One of these 1is caramel which is a roasted
product of sugar. Caramel has beén figuring rather largely in
public nourishment for quite a while. Food chemistry and also
theoretical chemistry are.interested in the composition of caramel.

‘The knowledge of the chemical nature of the products developing from

the various sugars in the course of the roasting process has been
much widened by the researches of Picted and his co-authors (2).
They heated sugar in the vacuum at a temperature of 1500. In doing
so they obtained crystalline bodies, chemically to be looked upon
as sugar anhydrides. These sugar anhydrides are of the general
composition Cn (HQO)n—I! When heated, water is split off. This
splitting off takes place between the group 0-C-OH, the seat of the
reducing property, and one of the alcoholic groups H-C-OH. Thus,
glycosane is obtained from grape, sugar, levolusane from fruit;sugar.
In the course of this process, cane-sugar 1s converted into a
mixture of glycosane and levolusane. It 1s believed that also the
parent substances of the disposable constituents of caramel are
sugar anhydrides of the type of glucosane and levolusane.

Just recently, some informing papers on caramel chemistry have been
published by the German Scientific Research Institute for Food
Chemistry in Munich and by the Carnegie-Institute in Pittsburg.

When cane-sugar is heated a dissociation in glycose and an anhydride
of the fructose - levolusane - materializes that was alréady observed
by Gelis. Upon a further rise of temperature to 185o up to 1900, one
obtains a mixture of glycisane and levoiusane that interact to form

isosucrosane of the formula 012H20010’ This process probably passes

off as follows:
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(ou) H,C- CE.CH(OH) Q?/9 CHQ(OH)

levolusane

”?HLBHQCH(OH)-C?LCH(OH);CHé(qH)

0N
L%

glycosane

=. . . --O -
(OH)CHz-CL-CH(OH)- H-i(OH)-CHE(OH)

HE-C -CH(OH);CHLCH(OH);CHQ(OH)

isosucrosane

Upon further heating, the caramellare and finally the caramellene
of the formula 03’H50025 was supposed to be formed. In the course of
the latest researches it was found that the older views on the
reactions taking place in the initial stages of the caramel formation
are no longer sustainable. Kruilsheer (3) made a very elaborate study
of the question as to what changes in éhemical respect result from
the effect of high temperatures on sugar. Above all, he analyzed
those substances that are formed upon roasting sugar, insulin and
caramel formation. As regards the caramel formation, the result of

" his researches was that the views of Pictet and co-authors are no
longer sustainable. He found that, when heated, part of the sucrose
is converted into glycose and in an anhydride of the fructose -
levolusane - but that another part is simultaneously converted into
fructose and glycose anhydride. This process is observable by
frothing since a loss of water takes place upon the formation of
"glycose anhydride. At the same time, there is also a formation of
difructose and diglycose anhydride. He further found that the
isosucrosane is no homogeneous body but a mixture of several
substances among these probably also levolusin and glycosin. For
this reason the existence of caramellane and finally offaramellene
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must be considered to be unproved. According to the latest
researches (Guenther von Elbe (4)) caramel is a colloidal
dispersion of a lyophobic humic substance I in a mixture of
2 protective substances II and III. '

Whereas the knowledge of the chemical structure is as yet incomplete,

.‘the use of caramel In public nourishment and in dietetic therapy
. has been a recognized procedure for a long while. It is used as

sugar colour for dying beer, sauces, wines and for'manufaCturing
sweets. In the medical profession it 1s used in treating diabetes.

As from 1851, observations have been on hand from Bouchardet (5)
and Kiilz (5) from which' it could be seen that not all kinds of
carbohydrates act on the diabetically diseased organism in the
same way. It was found that grape-sugar, malﬁase, and starch
produce the quickest andg stréngest glycosuric effect, contrary to
levolose and lactose that produce but half as strong an effect.
Efforts were now made to find other carbohydrates of a less glycosurié‘
effect for the diabetic to replace the main carbohydrates, cane-
sugar and starch. They were called "substitute carbohydrates"
because they are no part of the usual food. Among these are i.al.
caramel, roasted starch preparations,.ang anhydro sugar.

In 1914, Grafe (6) was the first to use caramel in treating diabetes.
In doing so, he proceeded from the idea to release the sugar molecule,
by even slight transformations therein, from its glycosuric effect

in order to make it suitable for the diabetic diet. He heated ary
glycose up to its melting point at 146°. The sugar thereby loses

its abllity to be fermented by the yeast and 1ts sweet flavour. A
blackish browvn product has developed, caramel. Grafe now tested

the caramel for its sultability for the diabetic. He foupd the
caramel to have a favourable effect on the glycosuria. A good
preparation, Merck's "Karamose", was introduced in the therapy.
Because of its too high production costs, this preparation no longer
exists today having been very popular with all diabetics thanks to
its pleasant flavour. 50 up to 100 g of caramel are well tolerated
without 111 effects by all diabetics; whereas Umber (7) and von
Noorden (8) warn against administering larger doses of caramel
withoutv first testing the effect on the glycosuria. Larger quantitiles
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“of caramel also often provoke'diarrhoeae and thus causeia
. poorer resorption. As described in detail in the experimental

part herein after, 120 g of caramel were tolerated without 111
effects by myself. Grafe advises to administer opium on caramel
days. Even in case of a normal resorption, as much as 5 up to

' - 30 per cent of the caramel consumed are excreted faeces unutilized
and are thus lost to the metabolism. Von Noorden (8) suggests to

take the preparation but twice a week since, with some diabetics
who had been completely without sugar for months, glycosuria
redeveloped following caramel.doses. For pleasanter use Umber (7)
gives a few‘recipes. Delicious meringues, enjoyable with coffee

or tea, are made like this: 300 g of whipped whites are mixed

with fine ground vanilla and 200 g of caramel, baked in the form

of small biscuits at medium heat for one hour, and, if required,
spread with a ;plution of drystallose. Another sweet, caramel cream,

1s cooked as follows: 50 g of caramel are boiled up together with -
200 g of cream and some vanilla, then whipped with 2 yolks, then

reduced to a cream-like compactness on a hot water bath and finally
dashed with a few drops of a 20 per cent crystal saccharine solution

.to sult the 1individual taste. -

The caramel therapy showed a good effect on the glycosuria. But
there was also a favourable effect on the acidosis. Furthermore,
the respiratory quotient went up. For this reason 1t is advisable

-to administer caramel especially in such cases as are liable to

acldosis.

The above clearly shows that carbohydrate substitutes, among these

also caramel, may find useful application with light and medium

severe cases of dilabetes. The carbohydrate substitutes may be
administered assaccharin or éalory dispenser depending on the
condition of the case or the type of preparation. One gram of
caramel has a caloric value of 4.4 calories. By adding caramel
to the diet, substantial quantities of calories (200 up to %400

‘calories per day) may thus be administered to the often seriously
- underfed organism even though not all caramel consumed is resorbed.

Moreover, the carbochydrate substitutes, being derivates of sugar,
develop all the physiologic effects as produced during the splitting
of the natural carbohydrates. It is belleved that they need not
first be converted into grape-sugér in the organism but that the
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diabetic body can convert them directly into glycogen which may
‘help to save insulin.

The above exposition on'caramel gave us an insight into the

metabolic precess of the organism after the administration of

caramel. It now devolved upon me to test in a self-experiment the
effects on the oxidative metabolic .condition of the whole organism
according to the behaviour of the urine quotients C:N and vacat-

O:N upon administration of caramel in the food (9). Said quotients
relate to the ratio of the quantities of carbon excreted in the

urine ot the quantities of nitrogen (carbon quotient C/N) and of

such quantity of oxygen, as must be conveyed to the urine in order

to effect a complete oxidation of all its dissolved components, .

to the quantities of nitrogen excreted in the same urine (oxidation

" quotient vacat-0:N). The state of the urine quotients thus provides

a2 new source of information about the metabolic process. It shows

us a cross-section through the total metabolism that is on a

different level than the basal metabolism. This method has already ~
been used to define the exidative state in the intermediate metabolism
upon the administration of roasted products (10).

After Valentin (II) and Heusch (12) in their experiments with
roasted wheaten flour or rye flour respéhtively and Traute (13) in
his experiments with bread-crust as cdmpared with bread-crumbs
established a decreased oxidative state in the intermediate metabolism
and the almost negative result of the meat test by Traute (13)

‘had lead to the conclusion that 1t could not be the roasted albumin
that produced these pronounced changes, Schering (14) endeavoured
to bring about a final decision. The experiments with roasted
casein by Schrioder (15) and those of Kuhn's (16) with roasted wheat
gluten albumin had also shown that the roasted products of pure
albumin did not produce a substantial change in the statg of the
urine quotients. Schering (14) now tested the influence of the
consumed caramelized beetroot-sugar on the oxidative situation in.

. the intermediate metabolism. In his rat experiments he found that,
upon the adminlstration of caramelized beetroot-sugar, a distinct
increase of the urine quotients developed which was probably
conditioned by an adaptation . the intermediate metabolism.

It now devolved uvon me to check the findings of Schering®s (1&)



e

-6 - ivie
by means of a self-experiment in order to find whether said
metabolic changes are also produced by the caramel doses customary
in the human therapy. In doing so I adhered, on principle, to the
experimental procedure applied by Traute (13) Valentin (11) Heusch
(12) schrider (15) Kuhn (16) and Schering (14) in their rat
experiments. For 20 days I lived on a diet with an albumin content,
of approx. 56 g (= 9,04 g of N) and a caloric content of approx.
2300, my body weight being 85 kg. The computatlion of the albumin-
content and caloric content took place according to the Schall s
tables (17). , S -

B

K.H. quantity albumin cal.

lean beef, cooked 0,0 100 30,0 300
white wheaten bread 51,0 100 6,8 270
rice, polished - .78,0 100 7,9 356
milk : 10,0 200 6,8 134
sugar (beetroot sugar) 100,0 100 .. 3o
tomatoes 4,0 100 1,0 .33
apples . : 26,0 200 ' 0,8 116
salade, green 4,0 200 2,8 .32
oil | 0,0 20 - 180
lemon ' - 0,0 - - -
butter .0,0 60 0,4 471

273,0 - 56,5 2302
During the entire period of the experiment while performing my
duties as hospital intern as usual, my weight remained practically
constant. In my first experiment, following a preparatory period
of 2 da&s on which the test diet was consumed but no urine-analyses
were made, sald diet was adhered to over a preliminary period of
5 days. Subsequently, the sugar in the diet was replaced by caramel
in quantities corresponding to the substituted sugar. The caramel
was obtained by roasting from the same supply of beetroot-sugar
that also provided my dlet with sugar. At first, I had 60 g of
 caramel for 3 days, then 90 g of caramel on the 9th and 10th day
and finally 120 g of caramel, the quantity equivalent to 100 g
of beetroot-sugar, which I tolerated without bad effects. Contrary
to the tests of Schering's who nad established a pronounced increase
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of the urine-quotients in his rats, it was found that said increase
of tbé priﬁe-quotients at first failed to show up in my experimént.
Only upon large doses of 120 g of caramel, a trifling upward
movement of the urine-quotients, particularly of the carbon-quotients,
ocould perhaps be observed if compared to the individual daily ;
figures. In a second test directly following the first, I first
once again lived on a caramel-free diet, that is to sa& for 4 days.
Subsequently, 100 g of sugar of said dlet were immediately T
substituted by the equivalent quantity of 120 g of caramel and this
large dose of caramel was consumed for 5 days. The result was thd
same as in the first test. My diet cuntained approx. 270 g of
carbohydrates of which 100 g were beetroot-sugar. On the days when
I had the largest quantity of caramel upon complete substitution

fo sald quantity of sugar, far more than one third of the total
carbohydrate-content of the food had been replaced by capamel.

My two experiments, in connection with the experiments and
observations of'Schering'S'show that caramel can only take effect
on the oxidative -condition in the intermediate metabolism 1if taken
in larger quantities, reckecned.per kg of body weight. For in
Schering’s rat experiments, approx. 14.0 g of caramel were .
edministered per 1 kg of body weight whereas I consumed only 1.4 g
of caramel per kg of body welght. With Sghering's rats, the —
absolute C and vacat-0 factors were higher in all caramel periods
as contrasted with the caramel-free experiments. But the urine-N
reaocted differently in the two experiments: with Schering it went
up during the caramel period in one experiment, in the other 1t
went down during this period. In my self-experiment, the urine-N
factors were lower in the caramel periods when compared with the
corresponding periods without caramel doses. Reckoning the daily
food to contain 9,3 g of N, a rough calculation shows that with
periocdic average values of 9,3, 8,1, 8,2, 7,6 g of urine-N these
probably was an N-equilibrium..Most likely, the caramel excretion
in the fazeces increased as with larger doses of caramel and such
was the indirect cause of larger N-losses through the intestinal

/

.oanal, For we know that, .if larger doses of caramel are administered,

the human bowels excrete caramel to a considerable extent unchanged.
However, with Schering's rats, neither the quantity of dry faeces
nor the qudntity of faéces-N was ¥pcreased during the caramel
periods as ocompared to the other periods. During the caramel period
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of the test, the absolut values for C and vacat-0 went down

wellnigh conforming to the N-values, During the caramel period

of the second test, the change of the values for C and vacat-0
followed that of the values for N perhaps a little more hesitantly.

In view of the dietetic therapy in cases of diabetes, }t is
nevertheless important to the hospital to know that caramel in
the quantities as used there produces no effect worth mentioning
on the oxldative condition. In the light of Schering's rat-. ‘
experiments it seems doubtful that the reduction of the urine/N
factors as found in my experiments is obligatory for the
administration of caramel. .

Experimental Part

The test was made on myself in two serles of experiments and

took 20 days. Following a preparatory period of 2 days, the
analyses commenced on the Brd,day. During the first 4 days of‘
each period I had a diet with 100 g of beetroot-sugar. Whereas,
in the first series, I steadily increased the caramel doses évery
other day from at first 60 g, then 90 g-and finally 120 g, I
consumed 120 g of caramel right away in the second test series.
The 24 hours® urine quantity was collected, measured and a
sample of same was analysed. : T

My diet was composed as follows:

' Periods 1 and 3

lean beef, cooked 100 g

white wheaten bread . 100 g
polished rice ‘ 100 g
milk : - 200 cem
sugar (beetroot-sugar) 100 g
fresh tomatoes . 100 g
fresh apples ' 200 g
green salad ' 200 g
01l - . 20¢g
butter . 60 g
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' In the second perlod I consumed a diet with 50 % of the sugar
, in the form of caramel (60 g) on the 7th and 8th day, 75 @
~w?ﬂ\ of the sugar were substituted on the 9th and 10th day by 90 g
! of caramel and on the 1lth and 12th day I substituted 100 g
of sugar by 120 g of caramel = 100 %. In the 4th period, from

the 16th up to the 18th day of the analyses, I consumed 120 g
i of caramel right away.
’ In the course of the whole day my meals were distributed as
) follows: | '
) , - . . A . K .
' : .Breakfast: 30 g of white bread and 30 g of butter, tea
‘ : unrestricted., . :
' Luncheon: 100 g of lean cooked beef, 40 g of white bread,
' : salad of 200 g of green salad and 100 g of
_ toriatoes, 20 g of oil and 50 g of sugar.
' -Dinner: 10z of polished rice boilled with 200 g of milk
. : and 50 g of sugar. Also 30 g of white bread and
)~ 20 g of butter. |

E o’" 1 "

On the caramel days I consumed caramel in tea distributed over

the various meals. I'also had 200 g of fresh raw apples and 2.
. lemons per day. .

I drank as much tea as I wanted.

Analytical Part

.- ... e T BT . -

The urine was collected and its quantity measured in 24 hours.

In the 24 hours' quantity of urine were determined: the nitrogen
according to thé half micro method br Kjedahl, the carbon according
to the micro method of Nicloux-Osuka (18), the required oxygen
"according to the micro method of Milller-Kanitz (19).

,,,,,

- 10 -~
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Jl pay of body quantity Urine C Urine Urine N . C/N V.0/N V.0/C

. _experiment weight of urine mg. vacat-0 mg. o

{\<(—xﬁ : . e

! k | ;lst'?eriod'T Sugar . _ '

K 1 85,0 920 7419 11408 7972 0.93 143 1.54

; 2 85.0 735 8110 12661 9364 0.87 1.34 1.56
3 84.9 750 8285 1289% 9461 0.80 1.35 1.56

) I 84,9 1400 8434 12020 9996 0.84 1.20 1.42

- 5 84.9 1080 8729 13549 9540 0.91 1.4%2  1.55

)

Periodic average figures 8195 12506 9267 0.88 1.35 1.53
(Division of the average ‘ ' '
) figures for C, VO and N

gives the average figures

of the quotients.)

—

. . 2nd Period - Caramel S .
8%.9 - 1200 7187 10543 7845 0.91 1.34 1.47

[ 6
.7 849 750 8303 11700 9576  0.87 1.22 1,41
;*\(-\ 8 84.9 1175 7776 11413 8948 0.87 1.28 . 1.47
b g 84,8 650 5831 . 11500 7116 0.82 1.62 1.98
10 84,7 .985 T446 12676 8274 0.90 1.46 1,61
11 84.7 1060 7333 11235 6752 1.09 1.66  1.53
Periodic average figures 7309 11396 8085 0.90 1.1  1.56
_ ) _ ‘ }fd‘Perigd - Sugar ] L o
12 84.8 930 6891 10888 7708 0.89 1.41  1.58
13 84.7 600 7031 11160 7694 0.93 1.45 1.59
Tk 84.7 530 7266 11116 7806 0.93 1.42 1.53
15 84,6 910 8097 12791 9708 . 0.83 1.32 1.58
Periodic average figures 7321 11488 8228 0.80 1.40 1.57
‘ 4th Period - Caramel . o N
(_\16 84,6 960 7402 11863 7795 0.95 1.52 1.60
;}, 17 - | 84.7 1370 6220 10485 7069 0.88 1.48 1.69
18 84.6 1400 7787 11946 7987 0.97 1.49 1.53

Perlodic average figures 7136 11431 7617 0.94 1.50 1.60
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.Synoptical Table

:

Urine~C

Urine~N

<012

Period  Body Urine C/N V-0/N
No. welght mg vacat-0 mg

in kg mg
Io ' ’ ‘
100 g 85.0 8195 12506 9266 0.88 1.34
Sugar - N : |
L mery BWT 309 11396 8085 0.90 1.10
III. ' .
Sugar 84.8 7;21 _ ;%488 8228 0.89° 1.40
Iv. . .
Caramel!l 84.6 T136 11431 7617 0 .'94 1.60



—~——

e e P

B Ty I

‘ ~ menschlichen Stofiwechsel

- Druck: Karl u, Richard Hoffmann, Charlottenburg, Schillerstr, 44,

" Aus den lemlnmstuehcn Uobungen fiir puthologls:ha Physiologie
an der Universitit Berlin,

{ " (Leier: Drof. Dr. Adolf Bickel)

Ueber den Einflub des Karamels auf den

Inaugural-Dissertation
rur ’ .

Erlangung des .
Medizinischen Doktorgrades

an der _
Friedrich - Wilhelns - Universitat -
zu Berlin

vorgelegt von

Friedrich Karl Bahrs

aus Hamersleben

Tag der Promotion: 9. 4, 1940

o
. b
N




" - Gedruckt mit Genchmigung.

der

Medizinischen Fakultit der Universitit Berlin

Dekan: Prof. Dr. Kreuz

Referent: Prof. Dr. A. Bickel
Korreferent: Prof. Or. Lohmann

tar——a

>
\;'\; “\ H
. \-l - b' - -
i - , 3 _
', L -
." * .
_,41 ..“’
Ueber den Einflufl des Karamels auf den .
menschlichen Stoffwechsel
H
5 52
\ /.

AT R ar———— e oo
b

2100



" Im Rahmen der Volks:erhﬁhfung finden seit langem

‘”5'7. Nahrungs- und Genufmittel ausgiebige Verwendung, die

dem Rostprozefl unterworfen worden sind. Zu Thnen ge-

. - hort auch der Karamel, der ein Rostprodukt des Zuckers

-jst. Karamel spielt schon seit langer Zeit bei der Volks-

ernihrung cine nicht unerhebliche Rolle. Die Nahrungs-

mittelchemie und auch die theoretische Chemie sind an
.der Zusammensetzung des Karamels interessiert. .

Die Kenntnis der chemischen Natur der Produkte, die
beim Réstvorgang aus den verschicdenen Zuckern entstehen,

. ist durch die ilteren Arbeiten von Gélis (1) vor allem
~aber durch die Untersuchungen von Pictet und seinen

Mitarbeitern (2) weitgehend aufgekldrt worden. Sie cr-

. hitzten Zucker im Vakuum bei einer Temperatur von 1509

Hierbei erhielten sie kristallinische Korper, die chemisch als -

- Zuckeranhydride anzusehen waren. Diese Zuckeranhydride
- habea die allgemeine Zusammensetzung Cn(H;O)n—1! Bei

der Erhitzung wird Wasser abgespalten. Diese Abspaltung
findet statt zwischen der Gruppe O—C-—OH, dem Sitz der
reduzierenden Eigenschaft, und einer der alkoholischen
Gruppen H-C—OH. Es entsteht so aus dem Trauben-

. zucker Glukosan, aus Fruchtzucker Livulosan. Rohrzucker

geht bei diesem Prozef} .in ein Gemisch von Glucosan und
Livulosan iiber. Es wird angenommen, dafl auch die
Grundkdrper der ausnutzbaren Bestandteile des Karamels
Zuckeranhydride nach der Art des Glucosans und des
Livulosans sind.

In letzter Zeit sind einige aufsdxluﬁrclcbe Arbeiten
zur Karamelchemie aus der deutschen Forschungsanstalt
fiir Nahrungsmittelchemie in Miinchen und aus dvcm Carne-
gie-Institut in Pittsburg erschiencn.

Erhitzt man Rohrzucker so fritt ein Zerfall in Glykose

‘und cin Anhydrid der Fruktose —- Livulosan — cin, den

schon Gélis beobachtete. Bei weiterer Temperatursteige-

“rung auf 1859 bis 1909 crhilt man <¢ine Mischung aus

L I B a UL Y



(“.

- 6 -

Glykosan und Lavulosan, die aufeinander-emwi'rken;'umi

Isosaccharosan zu bilden von der Formel C;pHy0O;0. Dieser

‘Vorgang geht wahrscheinlich folgendermafien vonstatten: .':

~0
(OH) . HZC—CH-CH(OH)—CH—(L—CHQ(OH)
NS
O _ .
Lavulosan - . : R
+
0
VAN . _
(‘:H—vCH—CH(OH)—-C|H—CH(OH)—CH2(OH)
O
" Glukosan
! 0 | .
(OH)CH,—CH— CH(OH)~ FH——IC(OH)——CHz(OH) ‘ y

1 1 . E K )
HC—CH—-CH(OH)—(llH—,CH(OH)—-CH,(OH) .

! o .
Isosaccharosan.

Bei weiterem Erhitzen sollte das Karamelan und schlief3-
lich das Karamelen von der Formel C;H;O2; entstehen.
Bei den ncueren Untersuchungen stellte sich heraus, dafl
die ilteren Anschauungen iiber die Umsetzungen, die in

den ersten Stadien der Karamelbildung vonstatten gehen,

nicht mehr haltbar sind. Kruisheer (3) arbeitete sehr aus-

fiithrlich @iber die Frase welche Veriinderungen in chemi-

scher Hinsicht bei der Einwirkung hoher Temperaturen
aut Zudker entstchen, Er untersuchte vor allem diec Stoffe,
dic bei Jder Rostung der Zucker entstehen, das Insulin und
die Karamelbildung. Bei der Karamelbildung kam er. zu
dem Erdebnis, daf die Auffassungen Pictets und sciner

Mitarbeiter nicht mehr haltbar sind. Er fand, dafl cin Teil

N ' ’ C . : AN E .
N . . . .
N ’ . .
. . } . ‘e,
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hydrid der Fruktose — Livulosan —, ein anderer Teil aber

;! gleichzeitig in Fruktose und Glykoseanhydrid Gibergeht.
" . Dieser Prozef§ macht sich durch Aufschdumen bemerkbar,
. da ein Wasserverlust auftritt bei der Bildung des Gly-
.. koseanhydrids. Gleichzeitig entstchen noch Difruktose- und

Diglykoseanhydride. Er fand weiter, daf} das Isosaccha-

. yosan kein cinheitlicher Korper ist, sondern ein Gemisch

mehrerer Stoffe, darunter wahrscheinlich auch Liavulosin

" und Glykosin. Aus diesem Grunde ist auch das Bestehen
- des Karamelans und schlieBlich des Karamelens als nicht

erwiesen zu betrachten. Nach den neuesten Forschungen

- (Guenther von Elbe (4)) ist Karamel eine kolloidale Dis-

R der Saécﬁarose beim Erhitzen in Glykose und in ein An-

persion einer lyophoben Huminsubstanz I in einem Ge-

misch von 2 Schutzsubstanzen 1I und IIL
Wihrend die Erkennung der chemischen Struktur noch
nicht abgeschlossen ist, steht die Verwendung des Kara-

" mels in der Volksernihrung und in der didtetischen The-

rapie schon secit langem fest. Er wird als Zuckercouleur
sum Firben von Bier, Saucen, Weinen und zur Herstel-
lung von Bonbons verwandt. In der Medizin findet er bei
der Behandlung des Diabetes Anwendung.

Seit dem Jahre 1851 liegen von Bouchardet (5) und .
Kiilz (5) Beobachtungen vor, aus denen sich ergab, daf}

nicht alle Arten von Kohlehydraten in gleicher Weise auf

- den diabetisch erkrankten Organismus wirken. Man fond,

daf Traubenzucker, Maltase und Stirke am schnellsten
und stirksten glykosurisch wirken, im Gegensatz zur La-
vulose und zum Milchzucker, die nur halb so stark wir-

ken. Man bemiihte sich nun an Stelle der Hauptkohlehy- .

drate, Rohrzucker und Stirke, fiir den Diabetiker andere
Kohlehydrate ausfindig zu machen, dic weniger glykosurisch
wirken als diese. Sie wurden ,Ersatzkohlehydrate” ge-
nannt, da sie auflerhalb der gewdshnlichen Kost gelegen,
sind. Zu ihnen gehdren unter anderen der Karamel, ge-
rostete Stirkepriparate und die Anhydrozucker. .
Karamel wurde 1914 von Grafe (6) in die Bechandlung

des Diabetes eingefihrt. Er ging dabei von dem Gedan- !
ken aus, durch schon geringfiigide Umwandlungen im .

Zuckermolekiil, dicses sciner glykosurischen Wirkung 2y

-en \
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entheben, um es fir dic Ernihrung der Diabetiker nutz-.
bar zu machen. Er erhitzte trockene Glukose bis zu ihrem - : .-
Schmelzpunkt, der bei 146° liegt. Hierbei verliert der -\
Zucker dic Fihigkeit, durch Hefe vergoren zu werden und -,
seinen siiffen Geschmack. Es ist ein schwarzbraunes Pro-

dukt entstanden, der Karamel. Grafe priifte jetzt den

Karamel auf seine Verwendbarkeit beim Diabetiker. Hier- ' -

bei stellte er eine giinstige Wirkung des Karamels auf die
Giykosurie fest. Ein gutes Priiparat, die ,Karamose” von

Merck, wurde in'die Therapie eingefihrt. Wegen zu hoher .~ a

Herstellungskosten gibt es hecute  dieses Priparat nicht
mechr, das wegen scines angenehmen Geschmacks bei allen

Diabetikern sich grofier Beliebtheit crfreute. 50 bis 100 ¢ - B

Karame] werden von allen Diabetikern gut und reizlos
vertragen; dagegen warnen Umber (7) und von Noorden
(8) ¢roBere Dosen Karamel zu geben, ohne vorher die
Wirkung auf die Glykosurie gepriift zu haben. Groflere
Menden Karamel rufen auch oft Durchfille hervor und
bewirken somit eine schlechtere Resorption.. Von mir wur-
den, wie spiiter im experimentellen Teil nither beschrieben
wird, 120 ¢ Karamel reizlos vertragen. Grafe empfichlt an

Karameltagen Opium zu geben.. Bei normaler Resorption
werden immer noch 5 bis 309 des genossenen Karamels *

unverbraucht im Kot wieder ausgeschieden, die somit fiir
den Stoffwechsel verloren sind. Von Noorden (8), schlagt
vor, das Priparat wichentlich nur_zweimal zu nehmen, da
bei einiger Diabetikern, die monatelang vollig zuckerfrei
waren, wieder nach Karamelgaben Glykosurie auftrat. Fir
die angenchmere Verwendung gibt Umber (7) cinige kiichen-
technische Ratschlige. Ein sehr wohlschmeckendes Schaum-
gebiack, das zum Kaffee oder Tee gern genommen wird,
1a8t sich folgendermafien herstellen: 300 Gramm Eierei-
weifl werden zu schr steifern Schnce geschlagen, mit fein-
gestoflener Vanille und 200 Gramm Karamel vermengt, bei
mifliger Hitze eine Stunde in Form kieiner Plitzchen ge-
backen und dann eventuell mit Kristalloscldsung bestrichen.

Eine weitere Speise, der Karamelcreme, wird wie folgt .
bercitet: 50 Gramm Karamel werden mit 200 Grainm Sahne

und etwas Vanille aufgekocht, dann mit 2 gut verruhrien

Thee o vt bt bt daen snf Aeay WUt ey
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+ cremeartiger. Konsistenz eingeengt und schliefSlich je nach
perstnlichem Geschmack mit mehr oder weniger Tropfen
~ einer 20 %igen Krystallsacharinldsung versetzt.

- Bei der Therapie mit Karamel zeigte sich cine glinstige

" Wirkung auf die Glykosurie. Es trat aber auch eine gurf-

< . stige Wirkung auf die Acidose ein. Ferner stieg de-r respi-

" ratorische Quotient. In einigen Fallen trat auch eing spe-
- zifisch-dynamische Wirkung auf. Ratsam ist es daher, Ka-

ramel besonders bei denjenigen Fillen zu geben, die zur

-+ Acidosis neigen.

Aus diesen Ausfithrungen geht zur Geniige hervor,
daf die Ersatzkohlehydrate, zu denen auch der K.aramel
gehdrt, bei leichten und mittelschweren Fillen von Diabetes

~ nutzbringend angewandt werden kann. Man kann die Er-

satzkohlehydrate je nach Lage des Falles und je nach Art

o des Driparates entweder als Siifistoff oder als Kalorien-

spender geben. Ein Gramm Karamel zeigt eincn Brenn-
werf von 4,4 Kalorien. So kann man durch Zutat von .

Karamel zur Diit dem Organismus, der oft.m sciner 'Er-
- nihrung stark heruntergekommen ist, erhebliche Kalorien-

mengen zufiithren (200 bis 400 Kalorien tiglich), auch wenn -
nicht alles genossene Karamel resorbicrt wird. Auﬁcrdem :
entfalten die Ersatzkohlehydrate als Zuckerderivate alle

- die physiologischen Wirkungen, die den Umsatz der natiir-

lichen Kohlehydrate brauchen, wie man annimmt, nicht

~erst im Organismus in Traubenzucker umgewandelt zu

werden, sondern konnen wahrscheinlich vom diabetisch er-
krankten Korper direkt in Glykogen iibergefihrt werden

" und wirken so vielleicht insulinsparend.

In den bisherigen Ausfithrungen iiber den Karamel
erhielten wir bereits cinen Einblick in das Stoffwechselge-
schehen des Organismus nach Verabreichung von Karamcil.
Mir ficl nun die Aufgabe zu, in einem Eigenversuch die

.~ Auswirkungen auf die oxydafive Stoffwechsellage des Ge-

samtorganismus nach Mafisabe des Verhaltens der Harn-

quotienten C: N und Vacat-O : N bei Verabreichung von
" Karamel in der Nalcung zu pritfen (9). Diese Quotienten

P

betreffen die Verhiltnisse der im Harn ausgeschiedenen | &
. . e X R " -‘;

Kohlenstoffmengen zu deri Stickstoffmengen (Kohlens(off ;:

cuoficnt O/ ued derjenigen Menge Sauerstotts, dic nan,
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dem Ham zufithren mufl, um eine vollstindige Oxydation - KR S : ' N
seiner samtlichen geldsten Bestandteile zu erzielen, zu den L -suchen, 20 Tage lang nahm ich eine Kost zu mir mit ¢inem
in denselben Harn ausgeschiedenen Stickstoffmengen (Oxy- "~ 7% ] " Eiweifigehalt von ca. 56 ¢ (= 9,04¢ N) und einem Gehalt:
dationsquotient = Vacat-O: N). Die Harnquotientenlage -} "#.an Kalorien von ca. 2300 bei einem Korpergewicht von
stellt so cine ncue Orientierungsmoglichkeit iiber das Stoff- RO 85 kg. Die Berechnung des Eiweifigehaltes und Kalorien-
wechselgeschehen dar.  Sie zeigt uns cinen Querschnitt - gehalts crfolgte nach den Schallschen Tabellen (17).
durch den Gesamtstoffwechsel, der in einer anderen Ebene - -Es enthielten: ¢ '
liegt als die des Grundumsatzes. Diese Mcthode ist auch - : .
bereits zu der Beurteilung der Oxydationslage im Zwischen- K.H. Menge  Eiweift Kal,
stoffwechsel bei der Darreichung von Rostprodukten an- - i 8. i ¢
gewandt worden (10). ) ) - Mageres Dix}dfleisch gekocht . 0,0 100 30,0 300
Nachdem Valentin (11) und Heusch (12) - in  ihren ‘ g;‘smz:o\:i’:::;nbmt L. 33’8 - :88 ) ;’z ;,ig ‘
Experimenten mit gerGstetem Weizen- bezichungsweise Milch . : 100 200 68 I3
Roggenmehl und Traute (13) in seinen Versuchen mit Zucker (Riibenzucker) 1000 100 . 410
Brotkruste im Vergleich zur Brotkrume cine herabgesetzte Tomaten ‘ - 40 100 Lo 33
Oxvdationslage im intermediiiren Stoffwechsel festgestellt ’ISXclpfel; . ) 22‘3 2&‘)’ b 1;;’
hatten, und man durch den fast negativen Ausfall des P Oudnt grn T o0 . 220 If 18
Fleischversuches von Traute (13) zu dem Schlufl gekom- - ' ‘ Zitrone , A S,
men war, daf} es nicht das gerdstete Eiwcifl sein konnte, - . H ' .. Butter B : 0.0 6 04 471
das diese starken Aenderungen herbeifiihrte; suchte Sche- . | f{ | 273,0 56,5 . 2312
ring (14) vine endgiiltise Entscheidung herbeizufiihren. Die - . ° ! . : . . .
Versuche mit gerdstetem Kasein von Schrider (15) und . | Wihrend der ganzen Versuchszeit, in der ich meiner -
die von Kuhn (16) mit gerostetem Weizenklebereiweif - Beschaftigung als Krankenhausarzt vollauf nachging, blieb
hatten ebenfalls darsetan, dafl die Rostprodukte des reinen . das Gewicht anndhernd konstant. In meinem ersten Ver-
Eiweifles die Harnquotientenlage nicht wesentlich verédn- . suche wurde nach einer Vorbereitungszeit von 2 Tagen, an

dern. Schering (14) priifte nun den Einflufy des genosse-

nen karamelisierten Riibenzucker auf die Oxydationslage "

im Zwischenstoffwechsel. Er fand bei seinen Versuchen
an Ratten, daf} bei Verabreichung karamelisierten Riiben-
zuckers cine deutliche Steigerung der Harmquotienten auf-

trat, die wahrscheinlich durch eine Umstellung im' interme-

diiiren Stoffwechsel bedingt war. :
Mir ficl nun die Aufgabe zu, durch einen Selbstver-
such dic Untersuchungsergebrisse Scherings (14) nachzu-
priten, um {cstzustellen, ob diese Stoffwechselinderungen
auch schon bei der Karameldosierung auftrefen, die in der
menschlichen Therapie diblich ist. Dabei hielt ich im Prin-
2ip dieselbe Versuchsanordnung cin, die bereits Traute (13),
Valentin (11), Heusch (12), Schroder (15), Kuhn (16),
und Schering (1) angewandt hatten bei ihren Ratfenver-

a0 e

denen diec Versuchsdiit bereits genossen wurde, ohne dafl
aber Harnanalvsen gemacht wurden, in einer ersten Peri-
ode von 5 Tagen diese Diit eingehalten. Darauf wurde
Karamel in die Nahrung ersatzweise fiir den in ihr vor-

. handenen Zucker und zwar in den dem ersctzten Zucker

entsprechenden Menge cingefithrt. Der Karamel war durch |
Risten aus demselben Vorrat von Riibenzucker ¢enommen,
aus dem auch meine Didt mit Zucker versorgt vwurde. An-
fandés nahm ich 3 Tage lang 60 ¢ Karamel, dann am 9.
und 10. Tage 90 ¢ Karamel und schliefllich am 11. Tage
die 100 ¢ Riibenzucker #quivalente Menge Karamel ven
120 ¢, die ich reaktionslos vertrug. Es zeigte sich hierbei
im Gesensatz zu den Untersuchunden Scherings, der eine
kriftige Steigerung der Harnquotienten bei scinen Ratten




meinem Versuch zunichst ausblieb. Nur bei den grofien -0 .7~
Gaben von 120 ¢ Karamel machte sich vielleicht eine An- ~7 " ¢
deutung von ecinem In-die-Hohe-Dringen der Harnquo- - -
tienten, besonders der Kohlenstoffquotienten, bemerkbar. &
bei versleichsweiser Betrachtung der einzelnen Tageswerte,
In vinem-an Jen ersten Versuch angeschlossenen zweiten <
Versuch wurde zunichst wieder karamelfreie Kost und -
zwar 4 Tage lang genommen. Alsdann wurden sofort 100¢-
Zucker dieser Kost durch die dicsem entsprechenden 1208
Karamel ersetzt und diese grofie Karameldosis 3 Tage lang
genossen. Das Erdebnis war dasselbe wie im ersten Ver- "
such. Meine Diit enthielt ca. 270 ¢ Kohlehydrate, davon
warzn 100 ¢ Riibenzucker. An den Tagen, an denen ich
die ¢rifte Karamelmenge unter villigem Ersatz dieser
Zuckermenge zu mir nahm, war also weit Giber ¢in Drittel
des gesamten Kohlehydratgehaltes der Nahrung durch
Karamel ersetzt.

Aus meinen beiden Versuchen geht in Verbindung mit - -
den Versuchen und Beobachtungen Scherings hervor, dafi -~ .|
Karamel nur in grofleren Mengen, pro kg Korpergewicht R
gercchnet, einen Einfluf auf die Oxydationslage im inter- t
mediiren Stoffwechsel ausiiben kann. Kamen doch autf - -,
1 kg Korpergewicht bei Ratten Scherings ca. 14,0 ¢ Kara- =~
mel, wiihrend bei mir auf das k¢ Korpergewicht nur etwa -

1.4 ¢ Karamel entficlen. Bei den Ratten Scherings waren in
allen Karamelperioden die absoluten Werte fiir C und *
Vacat-O gegeniiber den karamelfreien Versuchen erhoht.
Der Harn N aber verhielt sich in beiden Versuchen ver-
schieden; bei Schering: in dem einen stieg er in der Ka-
ramelperiode an, in dem anderen Versuch war er in dieser
Periode erniedrigt. In meinem Selbstversuch waren in den
Karamelperioden die Harn-N-Werte gegeniiber den kotres-
pondicrenden Perioden ohne Karamelgaben erniedrigt. Eine
Ueberschlasrechnung ergibt bei der Annahme von 93¢ N

in der tiglichen Nahrung, daf bei den Periodenmittelwerten
von 9,3 -81- 82 7,6 ¢ Harn N wohl N Glcichgewicht be-
standen haben diirfte. Es ist wahrscheinlich, dafl mit der
arificren Karamelmenge auch  die Karamelausscheidung
durdt den Fot ansties, und dafd das indirelt 2u grifieren

N-\’_eﬂusf‘en durch den Darm Vcranlassurig 'géb..' Wir
_: wissen ja, dafl der menschliche Darm bei grofieren Kara-

ausscheidet. Bei. den Ratten Scherings war aber in den
" Karamelperioden weder die Trockenkotmenge, noch die
Kot-N-Mecnge gedeniiber den anderen DPerioden erhiht
. Die absoluten Werte ftir C und Vacat-O sanken in der
= Karamelperiode des Versuches annihernd konform mu
den N-Werten. In der Karamelperiode des zweiten Ver-
- suches folgte die Aenderung der Werte fiirC und Vacat-O
. derjenigen der Werte fiir N vielleicht ein wenig zigernder.
, Fir die Klinik ist es im Hinblick auf die distetische
g Therapie beim Diabetes immerhin von Bedeutung zu wissen,
dafl durch Karamel in den hier gebriuchlichen Umfange
- die Oxydationslage nicht nennenswert becinflufit wird. Daf
die in meinen Versuchen aufgetretene Reduktion der Harn-
N-Werte fiir die Karamelgabe obligatorisch ist, scheint im
Hinblick auf den Rattenversuch von Schering zweifelhaft.

. melgaben Karamel in beachtlichem Umfange unverandert ™

\
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Exp erim*entcllcr Teil

Dcr Versuch wurde in zwei Versuchsrelhen an mir..
sclbst durchgefiihrt und dauerte 20 Tage. Nach einer Vor-- .
bereitungszeit von 2 Tagen begannen am 3. Tage die Ana- -

In den ersten 4 Tagen jeder Periode nahm ich eine
Wihrend ich in der

lvsen.
Kost mit 100 ¢ Riibenzucker zu mir..

ersten Reihe immer von 2 zu 2 Tagen dig Karamelgaben .
- von anfangs 60 ¢ dann 90 ¢ und schliefilich auf 120 ¢ stei-~ -
gerte, nahm ich in der zweiten Versuchsreihe sofort 1208

Karamel zu mir. Es wurde die 24-stiindige Harnmenge ge-
sammelt, semessen und eine Probe hiervon analysiert.

Meine Kost hatte folgende Zusammensetzungen:,

Periode 1 und 3 , . Fa
Mageres Rindfleisch gekocht 100 ¢ B
Weitles Weizenbrot - 100 ¢
Polierter Reis 2 100 ¢ '

- Mildh 200 ccm ! .
Zucker (Riibenzudker) 100 ¢ T
Frische Tomaten .100 ¢
Frische Aepfel 200 g
Griiner Salat . 200 ¢
Qcl . ' 20 ¢

jutter 60 ¢

In der zweiten Periode nahm ich am 7. und 8.'T§g
cine Diat mit 50 % des Zuckers als Karamel (= 60 ¢) zu

mir, am 9. und 10. Tage wurden 75 % des Zuckers ersefzt. e

90 ¢ Karamel und am 11, und 12. Tage ersctzte ich100¢ -

Zudker durch 120 ¢ Karamel - 1007w, In der 4. Periode
nahm icdh vom 16. bis 18, Tage der Analysen sofort 120 ¢

Voot s

dazu Tee nach Belieben.

. Auf den ganzcn Tag vertellten su:h die Mahlzeiten'
BT folgendermaﬁen e .

";f;fi Morgens zum Fruhstuck 30 g Weiflbrot mit 30 g Butter,, :

““ 7 Mittags: 100 ¢ mageres gekochtes Rindfleisch, 40 ¢ Weifl-

" * Abends: 100 ¢ polierter Reis gekocht mit 200 ¢ Milch und |

brdt, Salat aus 200 ¢ griinem Salat und 100 ¢ Tomaten,
20 ¢ Oel und 504 Zucker..

50 ¢ Zucker. Auflerdem 30 ¢ Weillbrot mit 30 ¢ Butter.
An den Karameltagen nakm ich Karamel auf die einzel-
nen Mahlzeiten verteilt in Tee zu mir. Auflerdem afl
ich noch tiglich 200 ¢ frische, rohe Aepfel, 2 Zitronen.

" Als Getrink nahm ich Tee in beliebigen Mengen zu mir.

e

Analytischer Teil

Der Harn  wurde gesammelt und scine Menge in 24

' Stunden gemessen. In der 24-stindigen Harnmenge wur-:
- den bestimmt: der Stickstoff nach der Halbmikromethode
- von Kjedahl, der Kohlenstoff nach der Mikromethode von

Nicloux-Osuka (18), der Vacatsauerstoff nach der Mikro- . '

-~ methode von Miiller-Kanitz (19).

e s 85 b 1A €1 kb e 8
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Versuchse K3rper- Harn-
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Harn C Harn- Harn-N.

S ‘6 e 3 -_'4'\’::', v )
CN_V.ONN, V.0./¢

UeBersichtstabelle . & 1

- - T AT —
E KRR . e (PPN
e ‘:‘7 - Tl
PR . s

tag gewicht menge VacatesO mg - ) o e : : R
- mg. wmg .- . . Korper- Hamn-C  Harn Ham-N ~ C/N  V.O/N
. D - e, 7 i gewicht | mg Vacat-O mg "o .
. Periode 1. Zucker. BRI L - in Kilo ¥ - g ‘
1 850 920 7419 11408  7972. 093 143 154 TN ’ ,
2 850 735 8110 12661 9364 087 © 134 156 . . : . g ,
3 849 750 8285 12893 9461 080 . 136 156 . * 100 IZ'uc.i(ctl Bo 3195, | 12506 9266 088 %34
4 849 1400 8434 12020 9996 084 1,20 1,42 . e g ; : R
5 849 1030 8729 13549 9540 091 142 155 - 5 c , SN e
Pericdendurchschnitéswert 8195 12506 9267 088 1,35 153 . 84,7 - T309 ‘- 11396 - 8085 0,90 o 1,40
{Dividion der Mittelwerte : ’ : ) - .
fir C, VO und N erdibt die .
Mittelwerte d. Quotienten). N . )
, 11488 8228 ' 089 140
Periode 2. Karamel. 4 N
6 849 1200 7187 10543 7845 001 . 134 11431 'J7517. - é - 1,60
7 849 750 8303 11700 9576 . 087 - 1,22 R ¢ n
8 . 849 1175 7776 11413 8948 087 1,28, - ‘
9 848 650 - 5831 11500 7116 082 1,62
10 84,7 985 ° 7446 12076 8274 090 1,46
18 847 1060! 7333 11235 6752 1090 1,66 ° :
Periodendurchschnittswert 7309 11396 8085 090. 1,41 :
Periode 5. Zudker, e
12 848 9% 6691 10888 7708 089 141 - |
13 847 600 7031 11160 - 7694 093 - 145 - R ‘
14 847 530 7266 11116 7806 0,95 - 142
15 84,6 910 8097 12791 9708 083 1,32
Periodendurchschnittswert 7521 11488 8228 089 1,40
J s
Periode 4. Karamel. $ ~
16 846 960 7402 11863 7795 095 1,52
17 847 1370 6220 10485 7069 088 148 1,69 . . PRI
18 846 1400 7787 11946 7987 097 149 153 Ty .} Ui
Periodendurdischnittswert 7136 11431 7617 094 150 160 =~ - ) oo :
’ . —‘ - i ) ' -
- e { <
. . . ir
. ’ ? r
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Die  Brotnahrung des dcutsdlen Volkes und ‘seines
Eiwcile a. d. Encrgetik d. Zwi- :
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Lebenslau!.

;41 Ich, Gustav Adolf Ftiedrieh Bahrs bin am 9 Januar 1911 als
Schn des Lehrers Otto Bahrs zu Hamersleben geboren. Ich besuchte
. das Reformrenlgymnasium in Oschersleben (Bode) und legte Ostern
" 1930 die Reifepriifung ab, Darauf studierte ich an der Universitit Berlin
“Medizin, wo ich im Juli 1932 die iirztliche Vorpriifung ablegte. Im
~Sommersemester 1933 studierte ich in Heidelberg, im Wintersemester
27 1933/34 in Halle (Saale).) Im Sommer 193¢ ging n:h wieder nach Berlin®,
D zurlick, wo ich mein Studium im Januar 1936 mit dem medizinischen..
i~ Staatscxamen, das ich mit gut bestand, beendete. Wihrend meincs;
. pmkﬂsmcn Jahres war ich als Medizinalpraktikant auf der chxrutg. il
schen Abfcilung des Stidt. Krankenhauses Berlin-Pankow, auf dcr\
. Medizinischen Klinik des Sfidt, Krankenhauses Magdeburg-Altstadt

1+ Bestallung im Februar 1937 bin ich als Assistenzarzt am Stddt. Kran-
 kenhaus Haldensleben titig.

. Fiir die Ucberlassung des Themas sowie fiir die zahlreichen An-
. rcgungen withrend der Anfertigung meiner Arbeit bin ich ‘Hermn
" DProfessor Dr. Bickel dankbarst verpflichtet.

{
"t . und an der Stidt. Nervenklinik Magdeburg-Sudenburg titig. Seit meiner.
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- SAMPLE DESCRIPTION

Sample Code

25A-1

30B-0 30F-1
Single Single Single
Caramel Type Strength | Strength | Strength
Beverage | Bakers Bakers
Solids-% 65 67 68
pH 2-3 3-4 2-4
Isoelectric Point, pH <2 <4 < 4
Usage Level in Sodas,
grams/liter 3-4 N.A. N.A.
Starch Starch
Carbohydrate Used Hydroly- | Hydroly- | Molasses
zate zate
Catalysts:
- " Sulfuric Acid X
Ammonium Hydroxide X X X
Sulfurous Acid or SO3 X X
Bisulfite Salts
Sodium Hydroxide X
Ammonium Sulfate :
Open or Closed Kettle Closed Closed Open
Nitrogen Used Basis ' 1.4
Finished Product, % 1'05.. ;'4 *
Sulfur Used Basis 5 . 2
Finished Product, % 1.8 p'l ;'
Reaction Temp., °F. 280 280 290
Reaction Time, Hrs. 2 1-1/4 1-1/2

1031



Toxicity Study on Caramel Coloring

INTRODUCTICN

The object of this study is to establish adequate
safety of Caramel Colorings 25A-1, 30B-O, and 3CF-1
after repeated use. The study was designed to
determine whether any i1l effects and pathological
changes ere produced in rets after large doses

are administered orally over a period of ninety days,

o031
Pags 1
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Toxicity Study on Caramel Coloring A ‘ : - Page 2

EXPERIMENTAL PROCEDURE:

The Animnala, Eighfy Young Sprague-Dawley albino rats of both sexes were used in
this study, , : A . . ‘

The rats were divided into four groups of 20 rats each and were distributod among

- the groups by litter, weight, sex, and age,

Maintenance and Diet. All animals were maintained in a uniform environment and
housed individually in wire-bottomed cages. The animals were clomgely observed

daily for signs of abnormal behavior and toxic effects. Weight of each animal

was recorded weekly, and aversges are -summarized in Table I.

The Caremel Colorings were administered orally by admixture with the diet at a
level of 10% w/w (designed to supply-daily caramel coloring dosages of npprox-
imately ten grams per kilogram body weight). Ground Purina Laboratory Chow was
used in preparing the diets at the above level, Control animals received the

same diet without the Caramel Coloring. The appropriate diets and water were -

-supplied ad libitum, Average food consumption is summariged in Table I1I.

Dosage Levels,

Group I, Caramel Coloring 25A-1 .
Dosage: 10 grams/Kg body weight/day (10% in diet)

> oane

Group 1I. Caramel Coloring 303.0 -
Dosage: 10 grams/Xg body weight/day (1(f5 in diet)

Group I11I.Caramel Coloring 30F-1
Dosage: 10 grams/Kg body weight/day (1% in diet)

Group IV, Control
(0.C%)

\
Blood and Urine Studies. Blood counts and urine analyses were made on 50% of the
animals (5 males an¢ 5 females from each group) initially, at one, two, and three
months, The same animals from each group were used for each determination. The
blood tests, using 3chilling's classification, included the following:

microhematocrit

hemoglobin
white cell count ' “

differential cell count,
Resultis are shcewn in Tables III and IV.

Urine analyses included:
sugar
protein

acetcne,

Resulte are shown in Table V.
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Grozs Pathology. At the oend of the experimenthl period ail the animsls were
sacrificed by decapitation and examined for gross systemic damage,
exanmination was completed, all the animals were pre

After pross
served in 1C% neutral formalin,

Bistopatholozy. Portions of the following tissues fro
from each group were sectioned, stained with he
microscopically for pathological changes:

m 5 males and 5 females
matoxylin eosin, and examined

amall intestine kidney stomach (fundic and pyloric)
lung . pancreas cecun '

heart ' liver colon

adrenals ~ spleen .

. Histopathology was performed by W.R., Platt, M.D., F.A,C.P., Pathologist,
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RESULTS AND DISCUSSION:

Group I, Caramel Coloring 25a.1

. Dosage Level: 1C% v/% admixed to diet (approximately 10 grams per kilogran
body weight per day) ' '

All animnls in this group survived the experimental period and digplayed no
8ross cigns of ill effect, Veight gains were within normal linits but slightly
lovwer than those of control enimals (Table I.). Food consuzption, though
greater than that of the Control Group, was within normal limits (Table I1I1.).

The blood picturs appears normal and reveals ro significant hematological
changes as compared to that of the animals of the Control Group (Tables III and Iv}.

Urine analyeis did not reveal significant abnormalities as compared to that of
Control animals (Table Vi. .

Autopsy of the sacrificed animals revealed no gross systemic damage,

Microgcopic Description

Animal No,1 Sections of liver, kidneys, adrenals, heart, lungs, spleen and

gastrointestinal tract from this animal show no significant
aicroscopic changes, o

Animal No.3 Sections from the liver, kidneys, adrenals, heart, and lungs are h
’ not remarkable except for peribronchiolar lymphocytic infiltration

around the lungs, Spleen, gastrointestinal tract show no significant
microscopic changes,

Animal No.5 Sections of adrensls chow soge congestion of the medullary regicn,
The cortex is not remarkable. Sections of the myocardiun, liver and
kidney are not remarkable. The lungs show interstitial edema ana

congestion., Spleen, pancreas, and gastrointestinal tract are not
remarkabla,

Animal No,7 No significant microscopic changes seen in any of the organs
examined,

Animal No,9 Sections of the pancreas, adrenals, liver, kidneys, gastrointestipal
» - tract, and spleen ang lunga show no significant microscopic changes,

- Animal No,)l No microscopic alterations in the secticns of liver, kidney,

adren:ls, heert, lungs, spleen and gastrointestinal tract were
Eresent, :

Animal No.13 Except for peribronchiolar lymphocytic infiltration, the rest of the
Organs shnow% no significant aicroscopic changes,

Animal lio,1% The lymproid-like Rggregates seen in previous sections and also the
controls seea to bs accentuated in the sectionsg of thig animal., The
res*t cf the orgons chow nc sigrificant aicroscopic changes, C



‘Toxicity Study on Caramel Coloring C Poge §

Animal No,19 Except for interatitia) congestion in the kidneye ang congestion
of the medulla of the adrenals, there are no significant micro-
scopic changes in any of the organs examined,

Group II, Caramel Coloring 30B.0

Dosage Level: 103 w/% admixed to diet (approximately 10 grams per kilogram
body weight per day) . )

All animals in thig Eroup survived the experimental period ang displayed no
8ross signs of 1] effect. Weight gains were within normal limits but slightly
lower than those of Contrel animalsg (Table I.j. Food censumption, theugh
greater than that of the Control Group was within normal limits (Table 1I.). -

The blood picture appears normal and reveals no significant hematological changag
&8 compared to that of the animals of the Control Group (Tebles III, and IV,),

Urine analysis did not reveal significant abnormalitics as compared to that of

Control animalg (Table V.,

Autopsy of the sacrificed animalg revealed no.gross Systemic damage,

Micrcscopic Deacriptigg. .

Animal Ko,21 In thie z2nimal there appears only to be g minimal Gongestion
interatitially in the lungs and medullary portion of the adrenalg;
otherwise not remarkable,

Animal No,23 Sections of the lungs show a minimal lymphoéytic infiltration
with some hyalinization of many of the veszels. The rest of the
organs are not remarkable,

Animal No,25 No significant changes seen in the liver, kidneys, adrenals, heart,
lungs, gpleen, stomach, small inteetinea, cecum, and colon,

Animal No,27 Sections of the gastrointesting) tract, liver, adrcnals, Kidney,

pancreas, spleen, and lungs, and heart show no significant uicro.
scopic changes.

Arimal No,29 Sections of the lunzs show enlsrged lyrephoid follicle-like area
: around tre bronchiolar lumen and some interstitial congestion, The
rest of the other organs are not remarxable,

Animal No,31 o significant microscopic changes seen in ary of the orgars
examined,

Arimal No,33 No significant microscopic changes scen in the adrenals, rancreas,
Yung, liver, spleen, heart, or fastrointestinal tract, )
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Animal No, 35
Animal No.37

Animal No,39
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No significant microscopic changes seen in eny of the tissues
examined, :

No significant microacopic changes seen in any of the structures
exanined, :

Except for lymphocytic peribronchiolar aggregates, the rest of the
microscopic structures are not remarkable.

Qroup III, Caramel Coloring 30F..1

Dosage Level

: 10% w/w admixed to diei (approximately<10 grams per kilogram

body weight per day)

All animals in this group survived the experimental pericd and displayed no
gross signs of 111 effect. deight gains were within normal limits but slightly
lower than those of Control animals (Table I.). Food consumption, though greater

than that of

the Controi Group, was within normal limita (Table II.),

The blood picture appears normal and revsals no significant hematological changes
88 compared to that of animals of the Control Group (Tables III. and 'IV,,,

Urine analysis did not reveal significant abnormalities as compared to that of
Control animals (.able V.),

. Autopsy of the sacrificed anicals revealed no grose systemic damage,

Mierosconic Jescription,

Animal No. 41

Animal No,43

Anima) MNo. 45

Arimal Mo, 47

Sections of gastrointestinal tract ghow sone submucosal congestion.
Sections of the lungs show some interstitial congestion, The inter-
stitial regions of the kidney also congested, Sections of myocardium,
¢ecum and colon, pancreas, spleen, adrenals, and liver show no ’
significunt microscogpic changes.

Sections of liver, kidneys, and adrenals show ne significant microo
scopic changes. There is minimal interstitial c¢ongestion in the
kidneys, Lungs are characterized by focal collections of lymphoeytes,
gononuclear cells around the bronehi and bronchioles of the sections
of lung exauwined. Spleen shows moderate congestion of the red pulp.
Pancreas, heart, stomach, asmall intestines, cecum and colon are not
remarkable,

Sections 5¢ thesge organg, the liver, kidneys, adrenals, lungs, spleen,
pancreas, heurt, gastrointestinal tract, arc not significant,

Sections of the spleen, lung, adrenals, kidneys, liver, rancreas,
heart, fundic and pyleric region of the stomach, emall irtestines, and
cecum ard cclon. show no significant micrcsceric changes,
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Animal No.49 Sections of adrenale, spleen ang lungs, kidney, liver, pancreas,
. stomach, small intestines, cecum angd colon show no significant
microscopic changes except fcr an increase in lymphocytic infiltra_
tion around the peribronchiolar reglons of the lung tissue,

Animal No,51 No significant microscogpic changes seen in any of the gections
examined. These irclude all of the aforementioned structures,

Animal No,53 Excert fer interstitial cengestion in the kidney tissues, no evidence
of any specific histopatholcgical changes seen in the liver, kidreys,
adrenals, lungs, spleen, pancreas, heart, or gastrointestinal tractw

Anipal Mo.55 No significant histopathological changeé seen in any of the organs
examined: that is, liver, kidney, lungs, spleen, pancreas,
heart, and gactreintestinal tract. Tre only area in which there

appears to be any microscoric

changes is lymphocytic infiltration

around the peribronchiolar areas,

Animsl No.57 Lungs show reribronchiolar lyaphoeytic infiltration, The kidneys

show interstitial congestion,

The reat of the organs: gastro-

intestinsal tract, spleen, rancreas, adrenals and liver and'hcart.
are not remarkable microscopically,

Animal No,59 Sections of the liver, adrenals, kidneys, spleen, lungs, pancreas,
heart, stomach ineluding fundic and pyloric areas, small intestines,
¢ecum and colon show no significant microscopic ¢hsnges.,

Group 1V, Control

Dosage Level: O%

Al) animals in this group survived the experimental period and displayed no gross

signs of 111 effect. Weight gains (Table I
were within normal limits,

</ and food consumption (Table 11,,

The blood picture (Tables III. and IV.) was within normul limits,

Urine analysis (Table V., did not reveal si

gnificant abrormalities with the

exception of the occasioual appearance of miaiwal traces of alburmin whick is

considered to be of doubtful significance a
Autoupsy revealed no gross systemic daaage,

Microscopic Description.,

Anicn) No,6) Sections of kidneys show inter
adrenals, aancreas, spleen, lu
irclu:irg thne stomacn, small i
significant microscogic change

Aninal No.63 Sections of lung show focal co
monenuslear  cells sith adjace
This is significant of a focal
event in this animal. Section
kianey, liver, heart, and gast

nd within the limits of the experiment,

stitial congestion. Sections of liver,
ngs, heart, gastrointestinal tract,
rntestines, cecuxr and colon, show no

8‘

llecticrs of polys, lymrhocytes und

At areas of interstitia; congestion,”
priewacnia which aust be g terninal

s of spleen, fancraas, adrenals,

rointectinal tract are not reunrkable,
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Animal No, 65

. Animal No, 67

Anima) No, 69
Animal No.T1

Animal No,73

Animal No,75

Animal No.77

Animal No.T9

Sections of heart, lungs, adrenals, kidneys, pancreas, stomach,
liver, gastrointestinal tract show no significant microscopic
changes, :

Sections of lungs show definite distinct lymphoidlparibronchiolar
aggregate as seen in other secticns. Sections of the liver ure
not remarkable, Kidneys show interstitial congestion., Adrenals nre

not remarkable, Heart, spleer, and Bastrointestinal tract are not
remarkable, '

Sections of lungs show peribronchiolar lymphocytic infiltration,
The rest of the organs show no significant adceroscorpic changes,

No significant microscopic changes seen in any of the organs
examined.

There is no significant infiltration or degenerative or neoplastic

change involving the liver, kidney, adrenals, lungs, spleen, pancreas,

heart and gastrointestinal tract of this animal.

No significant microscopic changes seen in any of the organs examined,

Sections of the liver are not remarkable. Kidneys show interstitial

congestion, Adrenalis, lungs, spleen, pancreas, heart, and gastro-
intestinal tract are not remarkable, ~

Lungs show reribronchiolar lymphocytic infiltration. The rest of ths
lung tissue is not remarkable, Kidneys show minimal Iaterstitial
congestion, Adrenals, liver, spleen, pancreas, heart anq stomach,
small intestines, cecum and colon are not remarkable,
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CONCLUSIONS :

- As seon in Table IIa, the cumulative efficiency of food utilization vas found to

be lower for thLe experimertel groups then for the contrcl. The average gain in
grams per gram of food ‘consumed for the various groups is as followua:

25A-1 30B--0 © 30P-1 | Control
M&les 0. 143 C. 137 0. 152 C. 169
Females 0. 096 0.101 0.0G4 C.127
Males end Females 0.120 0.119 0,113 0.148

Efficiency as 81,08% 80, 41% 76.35% 100%
Percent of Control : :

The above data strongly indicete that the caramel coiorings have a questionable
nutritive value, if any at all. Moreover, it is of interest to note that, even
though weight gains in the experimental groups were less than these in the

control, the actual food consumed was greater. A comparison of the equivalent
intake of ncrwal basal diet (as shown in Table 1) by each group further illustrates
the decrease in food utilization in the experimental groups as compared to controls,

TABLE 1

Comparison of Averace Cumulative Efficisncy of Food Utilization

Based on Fouivalent Basal Diet Intake Lgrazs)

2541 30B..0 308-1 Control

Total Food Coansumed 1854, 7 1905.5 2603, 4 1636.8
Equivelent Kormal Basal 1669,2 1718,6 1803,1 1636,8

Rations (Total minus
10% Garamel Coloring) .
Cucuwlative Efficiency of 0.135 0.134 0,127 - 0,148
Food Utilization (gm Gained e
per gm Consumed) ,
Percent of Control 91,2%% 90.54% 85, 81% 100%

Evaluation of the overall blood picture (Table IV) reveals nc hematolegical
chunges resulting from the addition of the Caramel Colorings to the diet at a
10% w/e level. Urire analysis did not revenl significant abnormalities in rats
receiving the Carasel Colorings anae was cozparable to that cf the Control
animsla. ’

Grese examination of the sacrificed animals revealed no remarkatle alterations
of vital organs in either experimental or control grours.

Higtopatholegical examination of the tissues did not reveal significant altera.
tions which can be attributed to the ingestion of laramel Celoringzs 25A-1,

30B-C and 3Ci#-l. The occasional and murked lymrhocytic peribronchiolar infiltra-
tion is seen in control as well as experimental animals, and, as such, is rnot
sigrniiicant,
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SUKMARY ¢
1. Three groups of Sprague-Dawley albinc rats (20 animals rer group, 10 males

4'

5.

and 10 femules) were fed Curawel Colorings 29A-1, 3C3-C, ana 30F.l for

9C days at a dietary level of 10 w/% {equivalent to approximately

1C gn/Kg/dayj. Twenty Sprague-Dawley albino rats, ten of each sex, fod the
same diet without Caramel Coloring served ss a control group-

A1l zrimals survived the experimental seriod and displayed no signs of 111
effect. '

¥eight changes of rats in the trhree experimental groups were slightly less
than thoec of rats in the control grouy,

Cumulative efficiency of food utilization was found tc be less for the
experimental proup as ccmpared to the control. :

No significant hematological changes were evident in experimental unimals as
ccmpared to the controls, '

Urine anaiysis did not reveal gignificant ubnormalities,
Gross and histopathological examination of the sacrificed animale revealed no

significant alterations associated with the ingestion of Caramel Colorings
25A-1, 30B-C, and 30F-1 at a 10% w/w diecary level,

‘SCIENTIFIC AS30CIATES



. ' TABLE I -
- Beight Records (grems)

Group I. Caramel Coloring 25A-1  (Initial Date: 10/29/62)
t Recks Total % Total
. Sex Init. ] 2 3 4 5 6 7 8 9 10 11 12 13 Change  Change
1 K 65 120 166 206 232 250 266 290 316 332 338 342 350 350 +285 +438.5
2 n 70 114 158 150 222 265 292 310 326 356 364 370 374 390 +320 +457.1
> K 75 134 180 204 230 250 306 330 354 374 392 400 394 390 +315 +420,0
4 ¥ 80 126 164 204 218 245 270 288 508 524 334 340 340 550 +27GC +337.5
5 ¥ 75 122 160 200 222 245 254 270 2¢6 320 320 340 334 344 +269 +358.7
6 K 85 136 184 234 274 300 328 350 370 390 398 4C4 376 398 +313 +368,2
I M 75 110 148 194 226 245 274 298 20 350 360 312 362 388 +31% +417.3
3 H 75 126 - 162 200 236 250 264 266 3C0 290 312 326 304 332 +257 . +342,7
? H 95 138 172 186 170 215 270 290 520 336 344 350 342 356 +261 +274.7
2 H 100 146 190 236 270 280 315 330 340 366 376 390 374 392 +292 4292.0
3+ H 79.5 127.2 168.4 205.4 230.0 258.5 283.9 302.2 327.0 343.8 352.8 363.4 355.0 369.0 +289,5 +370.7
. P 100 140 170 185 198 210 215 224 228 240 236 240 240 245 +146 +146,0
> F 70 110 136 160 176 160 150 196 2Ch 2c0 200 210 206 210 +140 +200.0
> F 70 T4 112 142 136 165 170 184 200 208 2056 210 208 214 +144 +205.7
. P 60 98 132 154 162 180 185 206 220 226 230 240 234 240 +180 +300.0
, F 69 108 138 150 166 180 175 . 190 210 220 220 226 222 234 +169 +260.0
» F 75 112 140 166 174 185 185 210 202 212 220 226 216 228 T 4153 +204.0
' F 70 116 150" 173 186 200 210 230 238 244 242 250 242 246 +176 +253.4
} F 65 108 134 136 150 165 174 196 210 214 222 228 224 234 +165 +26C.0
 F 70 84 132 154 174 180 1€0 204 216 218 216 . 220 220 220 +150 © 4214.3
» F 55 106 130 156 146 180 180 202 210 222 226 232 226 234 +179 +325.5
» F 70,0 105.6 137.4 158.6 166.8 182.5 186.4 204.2 214.0 220.4 221.8 228.2 223.8 23%0.6 +160,6. ,236,7

BE 4.8 116.4 152.9 1820 196.4 220.5 235.2 253.2 270.5 2821 287.3 295.8 289.4 299.8 42251 ,303.7

10
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TABLE I
Veight Records (prams) - continued

Group II. Carsmel Coloring 30B-0O _
Recls ' Total % Total

. Sox Irdt, 1 2 3 4 5 6 7 8 g 10 11 12 1% Chance  Charge
1 H 85 130 180 222 244 270 274 300 328 764 564 370 378 378 4293 +344.7
2 B &0 136 182 228 240 260 272 310 315 354 358 364 358 376 +296 - 4370.0
3 8 75 110 140 166 180 190 194 203 230 240 252 256 268 280 +205 +273.3
3 K 80 118 162 214 200 240 286 310 234 370 376 386 386 400 +32C  L400.0
5 % 90 132 176 218 222 265 284 316 342 372 372 334 352 390 +3C0 +333,3
5 M 85 126 160 192 214 240 250 266 285 294 312 320 316 322 +237 +278.8
7T M 75 11 1€3 204 226 245 264 236 333 374 390 400 400 406 +331 +441.3
3 M 90 138 184 232 224 270 290 314 332 346 356 368 360 376 +286 4317.8
3 M 75 124 160 200 . 230 260 274 296 325 350 368 384 384 390 +315 +420.0
0 M 110 166 200 236 228 250 302 320 342 365 372 374 354 382 +272 +247.3
> B 84,5 129.6 170.6 211.2 220.8 253,0 263.0 293.6 315.2 343.0 352.0 351.6° 358.6 370,0  ,285.5 +542.7
L P 65 - 12 140 158 176 170 180 202 220 232 232 238 230 236 +171 +263,1
2 SN 110 138 10 170 185 180 192 193 210 205 218 212 218 +158 +263.3
> F €0 100 136 170 150 190 195 212 220 240 240 240 238 225 +176 +293.3
P65 110 138 169 150 175 184 2¢0 204 216 220 224 218 220 +155 +238.5
» F 60 110 136 126 . 170 185 184 156 212 222 224 236 238 244 +184 +306,7
5 F 80 120 150 170 194 200 212 218 230 240 240 252 260 262 +182 +227.5
| F 95 118 -132 160 182 200- 208 230 243 260 258 266 268 264 +169 +177.9
2 F 55 98 120 150 158 170 170 178 183 194 198 206 202 208 +153 +278,2
; P ¢ 140 170 1£8 218 240 246 268 2C0 296 2390 300 296 300 +2C05 . L21y.8
> B €0 105 138 156 172 185 192 210 220 234 236 240 234 244 +184 +306,7
« P 69.5 112.4 139.8 159.8 174.0 190.0 196.2 210.4 222,0 234.4 234.4 242.0 239.6 243.2 +173.7  +257,1

-~~—~——-—_—.—-——-—-a———-.———-———--———-——-—-———-—--——-.-—-.-..——-—._—-———.—-—.—.--—*wu

HF IO 121.0 155.2 185.5 197.4 221.5 232.6 252,0 270.6 288.7 2932 296.8 299.1 306.6  4229.6 ,299.9

1€0°



TABLE I |
Weight Records (grams) — continued

Group 1JI. Caramel Coloring 30F-1 . A ‘ .
Rat Yeeks - Total % Total

No, Sex lnit, 1 2 3 4 5 [ 7 8 G 10 11 12 15 . Chanse  Chamre
41 H 80 124 150 166 176 215 240 262 278 298 300 314 304 324 +244 +305.0°
42 M 80 136 1638 186 204 260 286 314 344 366 374 386 356 388 +308 +353.0
42 % 70 126 142 158 184 250 264 290 318 338 336 342 332 354 4284 " +405.7
¢l oM 8¢ 136 174 180 196 240 246 268 284 294 296 316 306 338 +248  4275.6
45 4 o 136 152 175 170 200 260 292 324 346 356 376 370 336 +3C5 +382,5
45 K7 110 146 174 204 230 250 276 302 328 346 358 354 370 +300 +420,6
41 M 85 130 166 172 200 270 284 322 354 380 274 386 366 392 4309 +363.5
48 M 60 .13C 164 180 212 235 260 274 236 312 330 346 314 350 4270 . ,337.5
49 U 8% 132 170 170 200 265 290 310 340 358 360 380 358 388 +303 +354,5
S5CoM e 150 180 190 204 270 284 310 332 352 364 384 374 390 +285 +271,4

Avg #  82.5 131.0 161.2 175.4 195.0 243.5 266.4 291.8 317.2 337.2 343.6 358.8 343.4 368.2 +285.7  4351.1
51 F 75 116 120 114 244 190 196 212 224 236 236 238 234 242 +167 2222.7
52 F 85 120 144 160 178 186 186 206 212 220 230 234 236 234 +149 +175.3
2 F 70 114 152 152 190 230 240G 274 294 316 320 334 326 348 +278 +397.1
54 F 60 96 126 152 154 134 170 182 196 202 204 214 206 214 +154 +256.7
5 F 59 83 124 142 160 170 176 192 200 210 210 218 218 222 +176 +303.6
56 F 60 102 130 150 166 170 196 202 208 216 222 234 224 232 +172 +286,7
°T F 95 146 178 136 172 205 224 248 250 260 260 266 254 260 +165 +173.7
58 F 70 100 124 146 166 175 188 204 212 220 226 230 218 232 4162 +231,4
55 F 65 112 142 142 150 190 200 214 216 232 232 240 232 242 +177 +272.3
€0 F 105 1952 170 168 178 185 216 230 246 252 252 252 256 252 +147 +140.0

Avg F 74,0 114.6 141.0 146.0 165.8 183.5 199.2 216.4 225.8 236.4 239.2 246.C 240.4 247.8 +173.8  ,246,0

——_—--—...——-.—-—.——.c———.————.——.——-..—.—.-o—-—-—-.—-—-—--—————-—-—-——~——.-———-———~~~—~

Avg KJF 78,3 122,8 151.1 160.7 180.4 213.5 232.8 254.1 271.5 286.8 291.4 302.4 291.9 308.0 +229.8  ,298.6

Ten



TABLE I

Weight Records (grams) — continued
Group IV, Control .
Rat Weeks *_7 Total % Total
No. Sex Init. 1 2 3 4 5 6 7 8 9 10 11 12 13 Chanze  Chan~n
e M omo 128 164 210 246 270 285 325 354 374 360 396 386 395 +315 +393.7
€2 N Ty 122 168 202 222 245 260 238 310 332 344 352 352 362 +287 +382.6
63 ¥ 7Y 112 156 202 242 250 275 250 330 344 350 365 360 378 +303 +404.0
54 M 8G 120 160 206 230 265 280 502 324 246 356 364 364 332 +302 +377.5
€5 ¥ &5 | 136 176 232 276 310 330 360 396 414 430 446 436 450 +375 +441.2
66 4 80 134 178 226 260 280 300 332 356 378 390 392 396 406 +326 +407.5
67 M 70 120 162 204 228 255 270 298 324 354 368 386 386 398 +328 +458,6
5 M 75 128 172 225 256 270 290 310 332 346 356 370 372 384 +309 +412.90
69 M 75 110 148 194 216 240 250 280 310 330 334 348 352 356 +281 +374.7
70 M 11C 160 196 238 260 275 290 304 314 332 336 340 344 346 +236 +214.6
Avg M 80.5 127.0 168.4 214.0 243.6 267.0 283.0 309.9 335.0 355.0 364.4 376.0 374.8 386.7 +306,2  4397,6
71 7 80 126 156 184 204 210 220 230 242 256 258 266 264 268 +188 235.0
72 F 70 116 150 172 186 200 205 220 232 240 242 242 246 250 +180 +257.1
73 F 105 134 156 174 186 195 190 206 220 224 224 230 232 230 +125 +119.1
74 F 70 126 156 176 196 205 205 234 250 258 258 266 254 266 +196 +280.0
75 F 70 114 144 160 180 199 200 214 230 240 242 250 246 256 +186 +265.7
76 F 65 106 136 160 172 190 196 216 232 240 244 250 250 264 +199 +306.2
77T 7 65 160 190 212 220 225 226 238 254 260 264 270 272 280 +215 +330.8
78 F 75 120 14¢ 164 180 195 200 210 226 240 240 242 242 246 +171 +228.0
73 F 65 110 140 168 194 © 205 212 230 240 250 250 254 258 266 +201 +309.2
60 F 55 108 140 166 184 190 204 216 226 232 242 246 246 260 +205 +372.7
Avg. T T72.0 122.0 150.8 173,6 190.2 201.0 205.8 221.4 235.2 '244.8 246.4 251.6 251,0 258.6 +186,6  ,270.4
Avg M4 76,3 124.5 159.6 193.8 216.9 234.0 244.4 265.7 285.1 299.9 305.4 313.8' 312,9 322.7 +246,4  4329.0

€0 .



TABLE II

Food Consumption (grams)

Group I. Caramel Coloring 25A-1 -~ 1O¥% w/w by adumixture to diet — -

. Averagae
Rat Weeks Total Food Weekly Food
Yo. Sex 1 2 3 4 9 6 7 8 9 10 11 12 13 Consumption Concuzrticn
1 M 119 135 145 140 160 18 175 170 175 150 140 150 130 1974 151.84
2 M 119 145 146 145 190 200 130 185 130 165 160 170 160 - 2159 166,07
3 3 131 15¢ 155 150 155 155 200 180 19C 170 180 170 150 2146 165.07
4 4 125 125 145 160 170 180 185 1€0 160 150 150 15¢ - 140 2010 154,61
5 H 125 145 145 135 165 185 185 170 170 150 155 140 140 2010 154.61
6 M4 12 . 150 150 150 185 170 180 175 180 170 154 140 150 2036 160,456
7 M i3 115 130 135 155 140 180 160 170 155 160 140 130 1859 143.00
& ¥ 125 125 12 135 145 i85 145 145 155 170 130 125 125 1635 141,15
9 M 13% 135 155 155 160 165 195 180 185 160 160 130 135 2050 157.69
10 ¥ 145 14> 135 150 160 175 200 165 170 160 160 140 155 2060 158.46
Avg M 122.4 137.0 142.5 146.5 164.5 174.0 183,5 171.C 174.5 160,0 156.0 145.5 141.5 2018,9 155.30
11 F 119 130 135 115 25 160 159 145 140 125 130 130 115 1724 132,61
12 F .. 111 115 135 115 125 145 135 115 105 105 120 116 115 1551 119,30
13 F 91 115 115 120 150 155 140 185 165 160 160 160 145 1841 141.61
14 F 101 135 120 95 130 130 135 140 145 135 125 110 1ce 1601 123,15
15 F 105 z5 115 100 165 159 140 140 120 100 105 100 90 1570 120,76
16 F 115 130 115 105 135 130 140 110 110 115 110 100 105 1520 116,92
17 F 119 14C 135 120 130 155 150 140 140 125 125 105 12¢ 1704 131.07
12 F 10 125 35 95 115 160 175 210 210 170 125 120 115 1815 139.61
19 F 1% 115 110 - 115 130 165 175 165 145 135 165 125 135 1835 141.15
20 F 1Yy 135 150 100 145 150 170 140 135 130 140 115 120 1745 134.23
Avg. F113.1 127.5 122.5 105.0 133,0 150.% 151.5 149.0 141.5 130.0 130.5 117.5 116.0 1690,6 130.04 1
142,65

Avg MoF 117.75 152,25 132.50 127,25 147.75 162.25 167.50 160.00 158.00 145.00 143.30 131.50 128.75' - 1854.75

160
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TABLE I1I

Food Ccnsumption (grams) - continued

L] . .
Sroup II., Caramel Coloring 3CB-O — 10% w/w by admixture to diet

Average
Rat Weeks . Total Food Weekly Food
no, Sex 1 2 3 4 5 6 7 8 9 10 11 12 13 Congumption Conzum-tion
1M 10 136 135 160 175 165 160 180 20C 165 160 160 150 2045 157.30
22 M 125 135 145 160 160 115 195 190 200 170 * 165 160 160 - 2080 160,00
23 M 1uf 125 125 140 115 160 140 180 160 140 135 140 160 1820 140,00
24 4 119 135 45 160G 18¢ 200 195 230 230 220 210 180 190 - 2394 184,15
25 M 119 110 125 165 185 160 175 190 220 170 170 160 160 2119 163,00
26 M 115 115 110 155 155 140 160 155 160 150 140 140 156 1845 141.92
27 M 113 12¢ 130 15C 145 195 210 210 220 190 180 175 190 2228 171.38
28 ® 123 140 155 170 185 130 205 20 200 180 17¢ 150 - 150 2158 £6,00
29 H 105 115 119 150 150 160 160 170 170 170 165 165 165 1958 150,61
3 M 135 155 155 160 205 190 200 180 175 160 150 140 150 2155 165.76
Avg M 115.7 128.0 135.0 157.0 165.5 161.5 160.0 188.5 193.5 171.5 164.5 157.0. 162.5 2060,2 160.01
30 F 119 100 95 125 120 155 155 5 140 140 180 130 130 1739 133,76
32 F 119 110 85 115 105 145 120 1%0 130 105 105 110 110 - 1485 114.2%
33 F 150 125 115 160 205 160 170 180 150 200 185 180 180 2200 169,23
34 F 105 110 110 150 135 145 140 1%0 160 130 110 90 100 1615 124,23
3 F 109 110 15% 150 205 130 130 130 130 135 130 135 120 1765 135.76
36 F 105 115 100 12¢ 120 130 140 140 130 130 130 12¢ 125 1605 123,46
37 F 85 95 1l¢ 135 125 170 170 170 155 140 140 120 125 1740 135.84
386 F a1 115 115 135 135 155 155 155 200 155 170 135 145 1861 143.15
3 F 120 135 125 135 145 145 150 180 165 140 140 130 120 1830 140,76
40 F 83 105 90 120 135 85 130 130 140 140 130 120 135 1549 119.15
Avg F  108.4 112.0 110 O 134.5 143.0 142.0 146.0 149.5 154.0 141.5 142,0 127.0 129.0 1738.9 133,76
Avg MoF 112,05 120.0 122 50 145.75 154.25 151.75 163.00 169.00 173.75 156,50 153.25 142.00 147.10 1909.55 146,88

Ten



TADLE II
Food Corsumption (grams) — centinued _
Group ITI. Caramel Coloring 30F-1 - 104 w/w by sdmixture to ciet ' - Average

Rat Weeks Total Food Weckly Food
No, Sex 1 2 3 4 5 6 7 8 9 10 11 12 13 Consumption Consurntion

RIS TV 120 150 15% 155 160 160 140 155 140 140 130 140 ' 1350 .142.30

42 #4130 155 165 17¢ 200 200 185 180 190 175 170 130 140 2205 . 169.61

43 M 1%5 155 155 175 2C0 16¢ 200 190 185 155 150 14C 150 2150 165.38

44 M1 145 165 105 190 175 170 180 165 16C 155 130 155 2066 - 158.92

45 M 1U5 155 160 179 180 190 195 180 200 180 160 150 170 2220 170.76

46} 95 140 160 18¢ 160 225 165 170 175 170 15G 130 140 2080 1680.¢0

L7 M 113 155 180 200 205 205 220 210 230 190 190 150 - 160 2408 185,23

43 M 125 155 165 155 145 175 159 140 180 170 155 125 150 1995 153.46

4% M 111 145 175 200 240 185 180 180 220 180 170 150 155 2291 176.2%

50 M 135 155 170 19¢ 220 220 180 160 200 180 170 160 170 2330 179.23
Avg ¥ 116.5 148.0 164.0 176.5 191.5 189.5 161.0 175.0 190.0 170.0 163.0 139.5 155.0 ©2159.5 166.11

51 F 100 159 155 160 180 175 125 140 165 120 130 110 120 1835 141.1%

52 F 89 125 150 145 135 140 130 130 130 125 125 11C 30 1624 124.92

53 F 111 150 155 170 185 175 175 170 190 180 170 165 160 2156 . 165.84

54 F. 9 115 149 140 159 165 140 140 140 130 120 110 110 1701 130,84

55 F 155 125 140 150 160 165 120 180 200 180 150 100 - 9o 1915 © o 147.89

55 F 95 135 150 140 155 160 140 130 176 150 155 130 155 1865 143.45

57 F 111 155 155 155 160 170 160 150 150 140 130 100 110 1846 142.00

54 F 85 110 135 130 115 160 135 130 130 125 110 105 100 1570 120,76

53 F 105 145 155 170 195 180 150 180 200 160 165 130 120 2055 . 158,07

60 F 127 150 155 160 160 165 160 160 160 155 130 115 110 . 1907 " 146,63
Avg F__106.9_136.5 149.5_ 152.0 160.0 _165.5_ 143.2 _151.0 163.5 146.5_ 138.5 117.5 116.5 _ _ ~1847.4 _ _ _ 142.310 _
Avg M4F  111.70 142,25 156,75 164,25 175.75 177.50 162,25 163.00 176.75 158.25 150.75 128,50 135.75 2005.45 154.10

TCn



TABLE IX
Food Consumption {Frams) - continued

1

Group IV, Control

_ Average
Rat ‘ Weeks : Total Food Weekly Fe¢
No., oex 1 2 3 4 5 6 7 8 9 10 11 12 13 Consumntion Con~uvrmtd
01 M 111 105 135 160 159 150 170 175 170 140 165 140 160 - 1936 143,92
g2 M ot 115 110 140 125 130 155 150 150 145 135 130 130 1710 132.53
63 M 8y 100 128 160 130 130 155 155 150 140 135 130 120 1715 131.92
L4 H 1l 1065 125 13¢ 125 130 . 150 150 150 150 145 130 125 1725 132,69
55 M Y1 115 140 180 155 150 180 180 160 170 160 160 155 2016 155.07
%6 M 115 . 95 125 160 145 160 160 170 170 165 150 140 140 1895 143.76
67 M 109  13¢ 145 160 135 125 160  16C 150 150 150 135 130 1839 141,45
8 M 99 110 130 170 145 145 150 160 155 150 15¢ 140 140 1844 141.84
69 M 11v 89 115 135 125 125 155 150 15¢ 140 130 125 125 - 1679 129,15
70 M 95 105 120 - 155 215 140 150 140 140 130 120 110 115 ‘ 1735 - 133,456
Avg M 102.9 106.5 127.0 155.0 145.5 138.5 158.5 159.0 156.5 148.0 144.0 134.0 13%4,0 1809.4 159.12
71 F 35 115 105 140 120 120 170 160 165 115 120 100 120 164.5 126.53%
72 F 89 1C0 115 120 105 89 120 115 115 120 115 105 115 1419 103.15
75 F 85 75 80 120 95 85 110 115 105 100 90 100 100 1260 96.92
74 F 95 110 105 140 125 130 160 140 130 125 130 100 120 1610 123,84
75 F 85 9G 85 125 109 105 125 130 130 110 110 105 105 1410 163,45
76 F 69 80 85 130 105 105 140 120 120 110 105 110 120 1399 107.61
77 F 13 150 125 120 105 100 160 135 135 110 115 120 125 1631 125,46
7% F 95 75 80 115 1C5 95 145 115 120 110 110 100 105 1370 105.18
7 F 99 80 95 130 145 35 140 130 125 1co 110 105 120 1474 113,33
8 F 95 100 115 120 105 105 120 120 120 105 100 100 120 1425 163.61
Avg F ?5.8 97.5 9%.0 126.0 111.5 102.5 139.0 128.0 126.5 110.5 110.5 104.5 115.0 1464.3 112,63

Avg HsF 98,35 102.00 113,00 140.50 128,50 120.50 148.75 143.50 141.50 129.25 127.25 119.25 124.50 1636,.85 125.%0

TCN
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TABLE Ila
Food Utilization

Group I. Caramel Coloring 25A-1

Cumulative
Conversion:grams Cumulative Efficior-
of Food Consumed of Food Utilization:

Total Weight Total Food per Gram Body Grams Gained par Gre
Rat No. Sex G@ain (erams) Conzumed (grams) Woight Gain of Food Consumad
1 M 281 1974 7.02 0.142
2 H 320 2159 6.75 0.148
3 M 315 2146 6.81 0,147
5 M 269 - 2010 T.47 0.134
6 M 313 2086 6,66 0.150
7 M 313 1859 5.94 0.168
8 M 257 1835 7.14 0.140
9 M 26 2050 7.85 0.127
10 M 292 - 2060 ' 7.05 : 0.142
Average H 289.5 2018,9 7.01 ' 0.143
11 F 146 1724 11.81 0.085 .
12 F 140 1551 11.08 0.03%0
13 F 144 1841 12,78 0.078
14 F 180 1601 8.89 0.112
15 F 169 1570 9.29 0.108
16 F 153 1520 9.93 0.101
17 F 176 1704 9.68 0.103
18 F 169 1815 10.74 0.093
19 F 150 1835 12,23 0.082
20 F 179 1745 9.75 0.103
Average F 160.6 1690, 6 10,62 0.096

-————-——~——-—~~.—-.-—-—--—-——-—--—-——.———.-—._—“-——.-n-—“—-.—--—.-

-.-—--—.—.u—-—-—-—-—--—-“--——--——-—-—..——-—..-—._-——.-—--.-‘-—-.——.o—‘-.—.__-——--—
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TABLE IIa
Food Utilization (continued)

Group II. Caramel Coloring 30B-0

Cumulative :
Conversioa:Grams Cumulative Effciency

- of Food Consumed of Feod Utilization:
Total Weight Total Food per Grar Body - Grams Gained per Gram

Rat No., Sex Gain (grams) Consumed (grams) Weizht Gain of Feod Consumed
21 M 293 -2045 6.98 0.143
22 M 296 2080 - 7.03 : 0.142
23 M 205 1820 8.88 0.113
24 M 320 2394 7.48 0.134
25 M 300 2119 - 71,06 0.142
26 ¥ 237 1845 7.78 0,128
27 M 331 2228 6.73 0,149
28 M. 286 2158 155 0.133
29 M 31% 1958 6.22 0.161
| 30 oM 272 2155 7.92 0.126
Avorage M 285.5 2080, 2 1.36 0.137
: ”("\ 31 F 17 1739 10.17 C.098
32 F 158 1485 9.40 0.106
- 33 F 176 2200 12,50 0.080
34 F 155 1615 10,42 0.096
35 F 184 1765 9.59 0.104
36 F 182 1605 8.82 0.113
37 F 169 1740 10,30 0.097
38 F 153 1861 12,16 0,082
39 F 205 1830 8.93% 0.112
40 F 184 1549 8.42 0.119
Avergpe F 173.7 1738.9 10,07 0.101
Aversge H.F 229,6 1909.5 8.72 0.119

..—.—.—.—.-..-—._.....—.-._..._.._....-...—_._-_._....—_—..__.—.—.....—.—..........._-._...



" Group III,

 TABLE IIa

Caramel Coloring 30F-1

Total Food

~ Food Utilization (continued)

Cumulative
Conversion:Grans
of Food Concumed

0

Cuzulative Efficiency
of Food Utilication:

Total Weight per Gram Body Grams Gained per Graa
Rat No., Sex Gain (grenms) Consuned (prams) Yieiecht Gain of Food Consvred
41 M 244 1850 7.58 0.132
42 M 508 2205 7.16 0.140
43 H 284 2150 7.57 0.132
44 .| 248 2066 8.33 0.120
45 M 306 2220 7.25 0.138
46 M 300 2080 6.93 0,144
47 M 309 2408 7.79 0.128
48 M 270 1995 7.39 0.135
49 M 303 2291 7.56 0,132
50 M 285 2330 8.18 0.122
Average M 285,7 2159.5 T.57 0.132
5 F 167 1835 10.99 0.0 ~
52 F 149 1624 10.90 0.092
53 F 278 2156 7.76 0.129
54 F 154 1701 11,05 0.0%1
55 F 167 1915 11.47 0,087
56 F 172 1865 10.84 0.092
57 F 165 1846 11.19 0.089
58 F 162 1570 9,69 0.103
59 F 177 2077 11.73 0.035
60 F 147 1907 12,97 0.077
Average F 173.8 1847.4 10.86 0.034
Average M.,F 229.8 2003, 4 9.22 0.113

._...—..._._—._-..._-....——-_-—..._..—..——_.———_.—......._.—--..—._-—.-.——._-—-



TABLE Ila

Food Utilization (continued)

Group IV, Control

Total Weight Total Food
Rat Ho, Sex Gein (grams, Consumed (rrams)

Cumulative
Conversion:Graus
of Food Consumed
per Gram Body

031

Cumulative Efficiezncy

of Food Utilization

Grams Gained per Groa

of Food Conmuzed

deight Gain

0.163
0.1639
0.177
0.175
0.186
00172
0.178
0.168
0.167
0.136

61 M 315 1936 6.15
62 M 287 1710 5.96
63 M 303 1715 5.66
64 M 302 1725 5.7
65 M 375 2016 5.38
66 M 326 1895 5.81
67 N 328 1839 5.61
. 68 M 309 1844 5.97
69 M 281 1679 5.98
70 M 236 1735 7.35
Avorage M 306,2 1809.4 5.96
7L F 188 1645 8.7%
12 F 180 1419 7.88
73 F 125 1260 10.08
74 ) 4 196 1610 8.21
75 F 186 1410 7.58
76 F 199 1399 7.03
Vi F 215 1631 7.59
78 F 171 1370 6.01
79 F 201 1474 7.33
80 F 205 1425 6.95
Average F 186,6 1464,3 7.94
Average MWF 246,4 1636.8 6.95

———.-----—.-.-—«--—.—-—_-—.—_—.Q—-—-————-—-——.-—.-—‘——-——--—-—-.-—-.—.



TABLE III
Blocd Aralysis

Grouy I, Caramel Coloring 254-1 - = MALES ' . .

Biro. Bemato- Pifferential Count
2lobin crit Losino-  Bago- Myelo- | Juve- Seg~ Lymphow Mono-
Kat Ho. Time groms »  vol. % WBC philes  philes ecytes niles Stab menied cytes cvtes
1 Initial 15.% 45 11,250 0 0 0 0 0 5 94 1
1 wonth 16,0 51 20,900 5 (o] 0 0 o} 12 82 1
2 months  15.5 48 15,500 5 o 0 0 0 8 87 0
__-_22%@&_w£~~2L_~~Lu@L_l__,~Q___JL_--Q__JL__JQﬁ__QL__;L-_
3 Initial 13.8 45 8,650 o] o] 0 0 (o] 6 94 0
1 month 14,3 46 15,600 5 0 0 0 0 16 79 0
2 months  14.5 50 18,000 4 o] 0 0 0 14 82 o}
—_——— @yﬁ_JZQ--ZL---&%@%-E-___9___JL___9__5L___§___$L__JL-_
5 Initial 13.0 47 17,550 o] o} o} o] o] 11 88 1
1 month 14.7 50 - 18,650 1 0 o] 0 0 16 &3 o]
2 months 15.0 50 18,450 6 0 0 (o] 0 7 - 87 o)
.._.._2502’51‘.8.._1.5.-2__21.__-..?_0:.6_5.0__'5._..._._..9___..0_......9.___0_......19.._..9.6.._.._0......
7 Initial 15.5 53 16,200 0 0 0 0 0 11 87 2
1l .month ~ 14.7 50 14,450 3 0 o] 0 0 16 80 1
2 months 15,2 51 12,400 1 0 0 o} 0 12 87 0
----29%@&_éé__éé___lﬁ@%_i___-g__-JL___2_-JL__J£___§Z__JL__
_9 Initial 12.5 41 14,200 0 0 0 0 0 10 90 0
1 month 16.0 51 . 17,400 3 o} 0 0 0 10 87 0
2 ponths  14.0 48 12,150 2 0 0 o) 0 19 79 0
_.._..2£°£t£s_'_.l£~.5..._3‘5_____1_&720__3.__.._2_.._..0.____9...__0..__..li..__§4__.._°...__
Average Initial 14.06 44.20 13,570 0.0 0.0 0.0 0.0 0.0 8.6 90.6 0.8
1 month 15.14 49,60 17,400 3.4 0.0 0.0 0.0 0.0 14,0 82,2 0.4
2 months 14.84 49.40 15,300 3.6 0.0 0.0 0.0 0.0 12,0 84.4 0.0
- ———2pzenths, 18.00 _ 50.60 _ 14,350 ~24___00__ 00 __o00_ L0__ 10.8 __86.6__ 0.2 _

'
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TABLE IIX
Blood Analysis (continued)

Group I. Caramel Coloring 25A-1 - — FEMALES

Hemom Hemato- : Differential Count
globin erit Fosino Baso- Myelo— - Juve— Seg- Lympho- Mono-
Kat nu, Time gromiu ~»  vol. % WEC philes philes  cytes niles Stab’ mented cytes cyios
11 Initial 15.% 48 8,7C0 1 0 0 c o} 11 88 0
1 month 15.0 45 11,150 2 o] o] o] o] 15 83 o]
2 months  10L.9S 48 7,500 7 0 0 o] 0 B 85 o}
~—— o~ —2months 15,0 43 _ ? ;440__.2_____9___.0____9.._.0_...._é____9.2___._°_.-_
13 Initial 15.¢C 52 12,750 0] 0 o] o} 0 15 85 o]
1 month 14,3 44 15,650 3 0 0 o) o) 7 90 0
2 monthg 15,7 52 22,950 2 0 o 0 0 12 - 86 0
'_~,_2@&@_329_*§L__-HE@L_2__-_9-_;JL_-_9_~JL_-_§_n_%L_;JL--
15 Initial 15.0 53 10,650 o) 0 0 o) o 7 92 1
1 month 15.5 50 19,950 4 o] 0 0 o} 7 89 s
2 months  15.5 A7 13,250 2 0 0 ¢} 0] 8 90 0
_~__22%%__&E,-zl___ih@%_i-_-_Q_--JL_-_Q-_JL-__én__S;-_JL__
17 Indtial  13.0 40 19,350  © 0 0 0 0 11 59 0
1 month 14.0 47 17,900 6 0 o G 0 7 87 o .
2 months 14,0 46 11,150 2 0 0 o] o] 12 86 0
mo—-2meMhe O30 46 L2502 o __ o ___9o_ _o __5__ s __ .
19  Initial 13.0 44 17,550 1 Y ° o o 5 93 1
1 month 15,7 48 19,100 2 20 0 0 0] 12 85 1
2 months 15,0 50 16,850 1 0 0 0 ¢] 10 88 1
———-doeathe 10T R L0 _2.___0___ 0o ___o__o __ 12___8_ __o __
Average Initial 14.06 47.40 13,000 C.4 0.0 . 0.0 0.0 0.0 9.8 89.4 0.4
1 zonth 14.90 46.80 16,750 3.4 C.0 0.0 0.0 0.0 9.6 86,8 0.2
2 sonths 15,34 46,60 14,360 2.8 0.0 0.0 0.0 0.0 10,0 87.0 0.2
——— ZyW%LJéﬁL_ﬂwﬁ__1&@%-3&-__9&--JML--QQ-JML--LZ--%§,.ﬁ%-

60"



TAZLE III
Blocod Analysis (continued)

Group II, Caramel Coloring 3080 — — MALES

Hemo.. Hemato- Differential Count
globin  crit " Eosino~ Baso- Myelce = Juve- Seg~- Lyopho~ Mono-
Rat No. Time grans % vol, % WBC philes philes cytes niles Stab mented cytes cytes
2i Initial 13.0 42 26,050 1 8, 0 c 0 40 59 0
1 month 15,0 50 19,9¢0 0 e 0 0 0 17 83 o]
2 months 14,5 48 14,150 3 0 0 0 0 29 65 0
__....Zmoz’ﬁ.*ls__12-2__.9.1_.‘__.__1.54.490___8.___..9__......0_._.._9_.._2._.._23___._5.9...__..1._.._
23 Initial 14.G 51 14,650 0 0 0 0 0 8 91 1
1 month 15.5 51 15,700 3 0 0 0 0 18 79 0
2 monthe 4.5 51 11,800 5 0 0 ] 0 21 T4 0
.._..-iﬁogths__léoi__éf’.-__53;09.0_..;1._._..._2_....._..0..._..-9._..__9.___2.6.......15_......0.___..
25 Infitial 13.2 46 21,000 O 0 0 0 o . 9 80’ 1
1 month 14.7 51 13,400 2 0 o} o} 0 25 73 0
2 months 14.7 51 18,100 3 0 0 0 0 15 82 0
..___..3.202@5_._12-2....,5_2__.._24:.990___9....._...9__._._0__..._9.._...9...._2._.._.9.4___-_0.._...
27 Initial 13.5 47 14,409 0 0 0 0 e 9 peal 0
1 month 14.5 5. 12,750 1 ) 0 o 0 13 65 1
2 months 15,0 50 16,600 4 0 0 o 1 25 70 0
__......QEOﬁtﬂs__lE-Q_-TJ’}___-..l"_:.oé.o.._i_._.._.q_....._0_._._.._9-....9_._._“__....§7__.__°__._.._
29 Initial 13.0 44 20,100 0 0 o 0 0 1 89 0
1 month 15.0 48 18,350 6 0 0 0 o} 28 - hE 0
2 months  14.7 43 18,900 6 0 o 0 o) 15 79 0
__-_2@@@_329_-$L_--¥4¥;_é--__Q___iL--_Q__~9__32_-_§L__JL--
Average Initial 13.34 46,00 12,240 0.2 0.0, 0.0 0.0 0.0 15.4 84.0 .4
1 month 14.94 50.20 16,020 2.4 0.0 .0 0.0 0,0 20,2 717.2 0.2
2 months  14.08 48,60 15,910 4.2 0.0 0.0 0.0 0,2 21.0 74.6 0.0
----25%%&.&l&-é&@;_lhé[_ié_~_9&--JML_-QQ__99-3%9_-EUL-JUQ_

€0



TABLE III _
Blood Annlysis (continued)

Group 1I. Curamel Coloring 30CB—O — — FEMALES

Kemo- Bemato- ' Differential Count
globin crit Eosino-  Baso- Myelo. - Juve- Seg~ "Lympho~ Mono
Hat No., Tirme grems % vol. % WBC philes philes  cytes riles Stab =monted  cytes cytes
5i Initial 14.5 49 12,550 1 -0 ¢ ) 0 9 90 0
1 month 15.1 " 50 14,500 6 0 0 0 0 12 82 0
2 monthes 10,0 50 14,750 2 ¢} 0 0 0 18 80 0
3 months 16,0 52 15,200 5 0 0 0 0 22 73 0
33 Initiad 15.0 47 14,600 lo; o] o] 0 o] 14 85 1
1 month 14.5 47 11,750 1 0 0 0 0 25 T4 0
2 jwonths  14.0 46 7,150 o} 0 o] 0 0 12 88 0
~— -~ 2gonths 15.8 43 _ __ 8,40 _1____O0___ O ___O__._0__30___8_ __0o __
35 Iritial 13.5 47 15,300 2 . 0 o o 0 19 79 0’
1 month 16.0 50 15,450 4 0o 0 0 0 20 76 0
2 wonths  14.9 46 14,150 2 0 0 o] 0 19 79 0
———-2months 15.5 49 ___1090 _8__ __O0O___©0 ___o___o__15___1___ o __
37 Initial 14.5 5 . 16,150 1 0 0 0 0 5 94 0
1 month 12.5 41 13,450 0 0 0 o} o 11 89 C
2 mcrths  15.0 50 15,850 1 0 0 0 0 15 85 1
———-Jzemths_ 4.5 _ 46 __ 14300 4 ____O___ O ___O0___O__.2A___15___o0o __
3y Initial 15.0 49 12,250 ¢ 0 0 0 0 7 93 o]
1 month 15.5 46 13,150 4 0 0 0 0 8 88 0
2 morths 15,5 48 14,350 1 0 0 o} 0 11 83 0
— . .. 23zouths  15.3 48 _ _ __ 9,20t __ __9___O©0 ___°o___o___2___11___o0 __
Average Ipitial 14.50 48,20 14,170 0.8 0.0 0,0 0.0 0.0 10.8 88.2 0.2
1 worth 14,72 46,80 13,620 3.0 0.0 0.0 0.0 0.0 15.2 81.8 0.0
? months  15.00 48,00 - 13,250 1.2 0.0 0.0 0.0 0.C 15.0 2.6 0.2
____éuuﬁa.wﬁé_i%@--lh%%-éé___99-_JUL_-99--99_3@9_-EUL_£@__



TABLE 111
Blood Analysis (continued)

s de el oawr Lelor:ing 3CFL] o o MALES

Hewo- Henat ow Differential Count
gl bin erit Losine~  Bago- Myelo~ Juve~ Seg- Lyapho—~ Mono-
e rafwe o grams 3 ve,, # S bC _philes  philes cylew uiles Stab wmented cytes 'gytca__
Thatie Yo 47 17.9C0 0 0 0 v 6] 8 92 0
W L 1%, 40 15,100 3 o) 0 G 0] 21 76 0
mon . s 12,25 3 ¢ 0 0 0 20 17 o}
sowmlin o vy -QL__-lh@%_i____En_-J;_-_E__-Q___Q-__gt-_JL__
iy BTFR I 17,5 45 13,5C 0 0 0 ¢ ¢ 11 89 0
1 ~onth 14.5 46 15,350 1 o] 0 ¢ ¢ 15 84 0]
¢ aonths 14%.2 46 8,80C 1 ] 0 o} 0 22 17 o)
L. dgentps 145 Ay _MC__O0_ 6 _ o ___e___o__ A3 _86_ __ 1 _
45 Initial 1%.3 51 13,25¢ 1 o) o] o] o . 15 83 1
1 month 14.8 47 12,550 1 o] o} 0 0 21 77 1
2 monthe 1m0 46 8,850 3 0 O V) 0 12 5 0
Cooozmenths My 48 M990 f O _ __ C ___O___0_ 14 ___&8 o_ _ _
At Tritial 13,0 45 16,06C 0 0 V) 0 20 8¢ c
i nouth 19,2 5 21,249 2 0 0} 0 : 1% 85 {
Y uunthe e 51 18,650 3 0 o < 9] 1 &4 1
Daeatle Gved o bi L _Md% 3 _ __C__ _ " ___90___Cc__ 8 __ 8 -
3 Initing 4,5 4f 12,355C 1 o) C C G 8 1 0
1 =sontr 14.5 45 20,000 3 o) 0 c o] 11 86’ 0
2 muuthe 15,2 48 22,700 1 e o] c 0 7 92 G
Slwenthe Ay 46 WS 3 _Q___ O ___9___90___S_._% __ o _
Sase fnityag 13,46 47.20 16, 20C C.4 c.0 0.0 0.0 0.0 12,4 87.0 0,2
oaenth 14.5¢ 47.00 17,450 2.C 0.0 0.0 0.0 0.C 16,2 81.6 0.2
2 unueths 19,45 48,60 14,250 2.2 0.0 0.6 C.0 0.0 14.4 83,2 0.2
£omontns_ 10,74 49,80 14,890 _ 2.0 _ G0 _ _ 0.0 _ 0.0 _ _ 9. S19.2 87,6 0.2

TSN
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TABLE IIX
Blood Aralysis {continued)

Group ITl, Caramel Zoloring 30F-1 — - FEMALES

He:no- Hematoe Differential Count :
glokin erit '~ Eosino- Baso— Myelo~ Juve- Seg- Lyzmpho- HMonce
Rat iin, Mne wraws /b volas % WRC philea philes cytes niles Stat  mented cytes cytes
51 Initial 15.0 42 14,250 1l 0 0 0 0o 10 89 0
. 1 month 14.0 45 10,900 2 (o} 0 0 0 11 87 0
2 months 1%.0 46 14,150 4 0 0 0 0] 10 86 0
,-__.5.:'1”11%5...12-}’.‘__5.8....._3%.390_.-_1..._--9.._.._.0.____.2_.._9_._._1..__.2?-..'_..-..0__.-
53 Initial 12.0 43 13,450 1 0 0 0. 0 17 82 o]
"1 moath 14.8 48 14,450 5 o] .0 0 0 19 76 o]
2 months 13,5 43 9,550 0 0 0 0 0 12 88 (4]
.._..._2205‘@5__1_-2_...49___..3:3;520.._..§-___9.__....0._._....9.__..2.._..2."2____5.8_..-_0..__
55 Initial 4.0 48 . 13,900 1 0 0 0 0 .19 79 1
1 month 14.0 44 . 10,800 1 0 0 0 0 19 79 1l
2 months 15,2 49 9,800 4 0 o] 0 C 19 71 4]
- — - _2menths  15.0 __48__ _ 8320 2 ____o_ _ _ 0 ————C 0 _ 24 __84_ __ 0 __
5T Initial 13.5 43 11,370 0 0 0 0 0 ] g2 0
1 month 14.7 42 8,050 1 0 0 0 0 27 72 0
2 months  15.8 49 7,250 1 0 0 0 0 16 83 0
—_——_3 .ﬂs--etﬁsﬁ_li-é.__i6_-__;.1_2.L990.-i--__9.._'__0_..__.Q..__Q_....39..__§5__.._°..._..
59 Initial 13.3 48 18,150 1 o} 0 0 ¢) 10 89 0
1 month 15.0 45 " 10,150 2 0 o -0 0 17 81 0
2 months 14.C 47 12,800 1 o] 0 o) o] 23 76 o]
_ ....._.;lEoltﬁs_.lﬁ'é__56..__._}.*.1_4./_0_..2__.._..9_.__.,o_..__g_....g.-__.l?_.._.-12......_0_.....
Average Tnitinl 13.16 44.80 13,34C 0.8 0.0 0.¢ 0.0 0.0 12.8 86,2 0.2
1 month 14,50 44,80 10,870 2.2 C.0 0.0 0.0 0.0 18.6 73.0 0.2
2 months 14,70 47.80 10,710 2,0 0.0 0.0 0.0 0.0 16.0 82,0 0.0
- — —_ 2 months 14.86 _ 47,40 _ 11,670 _ 4.4 _ _ 0.0 _ ~0:0_ _ _0.0__0.0_ _19.2 ~ 164 _ 0,0 _

Ten!



TABLE 111
Blood Analysis (continued)

Orony. IV, Sontrel — — MALES |
Hepron Herato- Differential Count

glovin crit Eogino~  Basow dyelo—-  Juvee Seg- Lympho- Hono
Rat No, Tima FrAN3 v vol. W WBC shiles cthiles  cvtes niles Stab mented  evtes cytes -
€ Initinr 11.7 44 15,700 0 0 0 ¢ 0 15 - 84 1
1 zenth 15.7 48 15,150 4 0 0 ¥ o] 15 81 0
2 wonths 15,5 49 - 21,200 1 0 0 ¢ 0 7 92 o] ‘
_-~_2w39_J}S~,2;-,_§%¥L_3_~_-2-__JL-_~2,_“9“_;@___ﬁt_mJL_~
63 Initial 13.¢ 48 10,400 0 0 0 o] 0 5 9% 0
1 month 15.5 50 23,000 1 0 0 0 o 17 81 1
2 wontns  15.0 48 20,650 2 0 5] 0 0 13 85 0
.._..._...2aoatﬁs._ll-é__21.._.._.1.41.6.5.0_._3__;.._9_.._-_0....-_9...._2_._...12___5.3_'...,._0.._..
65 Initial 13.7 50 11,450 o] 0 0] 0 o] -9 89 2
1 month 15.9 54 20,7C0 o] 0 0 0 0 6 94 o]
2 morths  15.0 50 18,300 2 0 o} c 0 7 91 0
__~_1505&8_._1&'-2....21..__._.1.439({._&_....._9.____._0.____2_._._.9.._....9_._.__.§9_......1...._
67 Initia} 12,5 46 14,200 - © 0 0 0 0 12 - 83 0
1 month 15.7 51 T, 000 1 0 0 c . 0 o &9 0
2 months 15,5 483 13,100 2 1 0 0 0 - 12 84 1
~— . 2months  33.0 55 _ _ _ 14,450 ...6_........9_.._..0___..9-..,9....__1.__...:z’.'v'.__..__0......
69 Initial 13.0 o 12,850 1 0 0 C 0 12 87 0!
1 zonth 16,0 5¢: 16,850 4 0 0 0 0 21 75 0
2 months  19.Y 22 16,100 1 0 0 C 0 8 91 0
_._....22@&2&..&-2--21.--..&5;150 1-.._..9._.._.0_._.__'9___9.__-1.4._.._25_-__0_._._.
Average Initial 12.78 47.60 12,920 ¢.2 0.0 ¢.0 C.0 0.0 1.6 88,6 0.6
1 zonth 15.54 50, 60 18,940 2.0 ¢.0 0.0 ¢.0 0.0 13.8 84.0 0.2
2 monthg 15,30 49, 40 18,87¢ 1.6 c.2 0.0 0.0 0.0 9. 88,6 0.2
- — . 2 months - 16,66 _ 22:29 _ _ 14,130 2.4 -—%0___Co ..9-9._..9.'9._.._13.-9_.._.8.5:.-4__._“:.2....

160"



TABLE III |
Blood Anslyeis (continued)

Group IV, Control - — TIEMALES

Heme— Hematoa ' Differential Count
globin crit Losino-  Baso- Myelo- Juve- - Seg- ‘Lymphoe Hono-
Rat o, Mo grams ¥ vel, % WEC vhiles philes cytes niles Stab  mented  cvytes cytes
T Tnitial 3.0 44 12,700 1 o) G ¢ o} 5 94 0
1 mornth 14,7 48 19,750 1 0 0 0 0 17 82 0
2 wmonths l14.¢ 47 20, 300 T 0 0 G @) 12 81 0
“_~_4ﬂmwa_u@,_ét~_~£ﬁwt_i__-,Q_-_JL_~_9__-9~__2~_-%L_-JL_-
73 Initial 13.5 52 16,300 0 0 0 0 0 14 85 1
1 monih 15.5 53 18,550 1 0 0 V) 0 10 89 0
2 months  17.5 52 19,000 2 0 0 o 0 8 90. 0
_.._..2Mtzs“ll.&-_.5_5_.___;.51.1@__.9~___9____0___,9-_.'9‘_.13..__28_.__.0..._
75 Initial 15.0 49 11,700 1 0 0 o] 0. 16 83 o}
1 month 16.0 51 10,000 5 o} 0 o 0 11 84 o}
2 weaths 10,5 49 9,150 2 0 0 o] o 18 79 1
———_2Bonths 17.0 51 o .15@_..&_.___9__._..0_..._..2...._2-_ 6 ___ 383 ° '
77 Initial 14.0 49 12,700 0 o 0 0 o) 6 94 0 :
1 mornth 13.9 46 17,200 3 o 0 0 0 16 81 0]
2 menths 14,9 46 13,85 2 0 G 0 o 8 50 0
__-_éﬁ%wx_uﬁM-EL-__LQHL_E___-Q__~JL_~_Q_~_Q_-_M__ﬁﬁﬁ_,JL__
76 Initial 12.8 4 13,6GC 1 o 0 o ) 10 89 0
1 mouth 14.0 44 13,750 3 4] o] 0 0 10 87 0
2 zunths 13,5 45 19,150 1 ¢ 0 0 o 11 87 1
__“-i&%&a_E&_~&L___EQ@L_2_~_~2___JL-__9_-_2__Ji__ﬁgi__JL__
Averags Iritisnl 13,66 47.4C 1%,400 0.6 0.0 0.0 0.0 0.6 10.2 89.0 0.2
1 wontk 14,714 43,40 15,650 2.6 . 0.0 0.0 0.0 0.0 12.8 64,6 C.0
2 months. 15,10 17.40 . 15,3710 2.8 0.C 0.0 0.0 0.0 il.4 85.4 0.4
—— — 2 months 16,64 50,70 12,690 _ 1.4 _ __00 __ 0 0.0 _0.0_ 1.2 ~87.4 _ 0.0 _

1€0
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TABLE 1V

Average Blood Picturs .. Males and Females
Bewo~ . Hemato— Differential Count
Ziovin'  crig ' ‘ Eosino~  Baso- Myelo.-  Juve- Seg- Lyopho~ Mono-

Time urome % vol., % WBC philes philes cytes niies Stab mented cytes - cytes
Group I. Caramel Coluring 25A-1

Initial 14,06 45,80 13,285 0.2 0.0 6.0 0.0 0.0 9.2 80.0 0.6

1L wonth 15002 43,20 17,095 3.4 .0 0.0 0.0 0.0 11.8 84.5 0.3

2 wonths 19,05 42,00 14,E3¢ 3.2 C.0 0.0 0.0 0,0 21.0 85.7 0.1

3 wonths 19,90 39.770 13,505 2.2 G.0 0.0 0.0 0.0 - 9.0 88.6 0,2
Group I1, Cararel Coloring %OB.O

initial 15,35 47.10 16,705 0.5 C.0 0.0 0.0 c.0 13.1 86,1 0.5

1 wonth 14,857 48,50 14,820 2.7 0.0 0.0 0.0 C.0 17.7 73.5 0.1

2 menths 14,94 44,30 14,580 2,7 0.0 0.0 0,0 C.1 18,0 79.1 C.1

3 months 15,76 5G. 4¢ 14,41C 3.8 0.0 0.0 0.0 0.0 20,5 75.6 0.1
Group ITI, Caramel Coloring 30F-1

Initial 13.%1 46,00 13,776 Cob 0.0 0.0 0.0 0.0 12,6 BE.6 0.2

1 aenth 14,50 - 45,90 14,160 2.1 0.0 0.0 .0 0.0 17.4 80,5 0.2

2 @months 15,07 AB, 20 12,480 2.1 0.0 0.0 0.¢ 2.0 15,2 2.6 0.1

> months 145,305 48,60 . 13,230 542 0.6 C.0 G0 .0 14.7 2.0 U1
Grrugp lv. Cnritrol

Initial 13,22 7.50 14,160 0.4 .0 0.0 0.0 0.0 10.4 88.8 0.4

1 month  1hH,14 42,00 17,395 2.3 0.0 0.0 0.0 0.0 13.3 84,3 0.1

2 montns 19,20 48,60 17,120 2.2 G.1 0.0 0.0 .0 10.4 8T.0 0.3

3 sonths 10,49 51. 4G 13,410 1.9 0.0 0.0 c.0 0.0 11.6 86,4 0.1



TABLE V

Urine Annlysis

Rat SUGAR ALBUMIN ACETONE

Groas  Ho.  Sex Initial 1 mo 2 mos ). mos initi~l 1 mo 2 mos 3 ros Initial 1 mo 2 mos 3 mos
I. 1 M N* N N N N N N N N N N N
Z2hA=] 3 M N N N N N N N N N N N N
5 M % N N N N N N N N N N N
1 H A N N N N N N N N N N N
9 M It 3 N N N N N N N N N N
11 F N N "N N N N N N N "N N N
13 ¥ N N N N N N N - N N N N N
1y F K N N N N N Tr** N N N N R
S F N N N N h N N N N~ N N N
19 F N N N N N N Tr N N N N N
II. 21 M N N N N N N N Tr N "~ N N N
30B-0 23 M N N N N N N N R N N N N
25 M N N N N N N N N N N N K
27 4 N N K N Tr H N N N N ) f N
29 M i N N N N N N N N N N N
2 31 F N N N N N N Tr N N N N N
33 F N N K N N N N N NN N N
35 F N N N N N N Tr N N N N N
3T F N N N N N N N . N N N N N
39 F K N N N N N N M -'N. N N N

* N ~ Negative findings

** Tr - trace
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TABLE V
Urine Analysis (continued)

Rat SUGAR ALBUMIN . ACETONE
Grour lio. Sex Initial 1 mo 2 mos 32 nmos Initial 1 mo 2 mos 3 mos Initial 1 co 2 ros 3 mos
111, AL M N N N N N N Tr N N N N N
ol 43 M N N N N N N Tr N N N N N
45 N N N N N N Tr N N N N N
AT 0w N N N N N Tr N N N N N
49 ¢ N N N N N N Tr Tr N N N N
Ll F N N N . N N N N N N N N N
55 F N N N N N N N N N N N N
55 F N N N N N N N N N N N N
57 F N N N N N N N N N N N N
5 F N ‘N N N N N N N N N N N
Iv, 61 M N N N N Tr N N N N .. N N N
Control 63 M N N N N N N Tr Tr N N N N
65 M * N N N x N N N Tr N N N N N
67T N ‘N N N N N N N Tr N N N N
69 M N N N N N N N Tr N N N N
7 F N N N N NN N H N N 3 N
73 F N N W N N N N N N N N N
75 F N N N N I N N N N N N N
77 F u M N N N N N N J N N N
79 F N N N N N N R N N N N N

.~-—..-..———e-——n.—-—c—-———--—-—-—.._-——--—..—_—_——-.————--————-——--
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. SAMPLE DESCRIPTION

Sample Code 25A-1 30B-0 30F-1
o Single Single Single
Caramel Type -Strength | Strength | Strength
Beverage | Bakers Bakers
Solids-% 65 67 68
PH 2-3 3-4 2-4
Isoelectric Point, pH <2 <4 < 4
Usage Level in Sodas,
grams/liter 3-4 N.A. N.A.
Starch Starch
Carbohydrate Used Hydroly- | Hydroly- | Molasses
zate zate
Catalysts:
© " Sulfuric Acid X
Ammonium Hydroxide X X X
Sulfurous Acid or S0j X X
Bisulfite Salts
Sodium Hydroxide X
Ammonium Sulfate
Open or Closed Kettle Closed | Closed Open
Nitrogen Used Basis 4
Finished Product, % 1.05 . ;'4 l'
Sulfur Used Basis 5 - 2
Finished Product, % 1.8 Q.l ;'
Reaction Temp., °F. 280 280 290
Reaction Time, Hrs. 2 1-1/4 1-1/2

. U32



Acute Oral Toxieity of Caramel Coloring . Pego 1

EXPERIMERTAL PROCEDURE;

Albino rats (Sprague-Dawley strain of both sexes) weighing 200 to 300 grens
were fed neaswred single doses of a 75% aqueous golution of the samples by roang
of a catheter attached to a hypodermic syringe, Groups of five rats were fed at
levels doeigned to blanket the toxicity range in a manner sufficiecnt to supply
data for the calculation of the LDy » The animals were observed frequently on

_:'the dey of dosing and daily thereafter for 14 days. Animals vere autopsied and
. Eross oxamination made., Results are shown in Tables I., II., and III,

" RESULTS AND DISCUSSION:

TABLE I
Oral Mortality Data on Caramel Coloring 25A.1

Dose (cc/Ka) Nort,/No. Animals % Mortality
20,0. /5 0
22,5 /5 0
25,0 0/5 o] -
27.5 0/5 0
30,0. 0/5 ¢

The acute oral 1Dsy in rats was found to be greater than 30 cc per kilogranm body ‘
woight, During the first 48 to 72 hours following tubing the animals at the ~
higher dose levels displayed signs of definite discomfort and slight to severe :
Glarshea, which is not rowarkabvle in light of the massive doses given. Autopsy
of the sacrificed animals revealed no gross systemic damage,

| TABLE IT |
Orgl Yortality Data on Coramel Colorinz 30B.0
Dose (cc/Kz) Mort,/No. fnimals % Mortality
20,0 . 0/% . 0.
22,5 o/5 0
270 5 0/5 T o
30.0 : 0/5 0

The acute orai LDxy in rats was found to be greater thon 30 cc per kilogrem body
weight., During the first 48 to 72 hours following tubing the animals at thas
higher dose levels displayed signs of definite discomfort and slight dierrhea to
severe diarrnea., This is not remarkable in light of the massive doses given,
Autopsy of tre sacrificed animals revealed no systecic damage. :
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houte Orsl Toxicitj of Caramsl Colering _ ' Paga 2

TABLE IIT
Orgl. Mortality Date on Chrenmel Coloring 30F.1

... Doce (cc/Xp) Mort,/No, Animals % Mortality
O 20,0 _ 055 0
22,5 . /5 . ' o}
25,0 ’ 1/5 20
27.5 0/5 , o
30.0 . 1/5 20

The acute oral ID., in rats was found to be groater than 30 cc per kilozram body
weight., During the firat 48 to 72 hours following tubing the animsls displayed
signs of definite discomfort and slight to severe diarrhea, which is not
resarkable in light of the massive doses given, Death occurred within 24 hours
in the case of the two animels which guccumbed. Gross autopsy of these animals
was not rerarkable, with the exception of excessive coloration and proacunced
distention of the gastrointestinal tract. Autopsy of the sacrificed animals at !
the end of the observation period was not remarkable, :

SUIHMARY:

1. The acute oral LD, of Caramel Coloring 25A-) in male and female albino rats
was found to be greater than 30 ce/Kg body weight,

2. The acute oral LD¢y of Caramel Coloring 30B-0 in male and femsle albinc rats
wes found to be greater than 30 ce/Kg body weight,

3. The acute oral LDy, of Caramel Coloring 30F-1 in male and female albino rats
was found to be greater than 30 cc/Kg body weight,
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‘Title 21—Chapter |

§8.301 Dricd algae meal.

(a) Identity. The color additive dried
algae meal is a dried mixture of algae
cells (genus Spongiococcum, separated
from its culture broth), molasses, corn-
steep liquor, and a maximum of 0.3 per-
cent ethoxyquin. The algae cells are pro-
duced by suitable fermentation, under
- econtrolled coirditions, from a pure cul-
ture of the genus Spongiococeum.

(b) Uses and restrictions. The color

additive dried algae meal may be safely -

usad in chicken feed in accordance with
the following prescribed conditions:

(1) The color additive' is used to
enhance the yellow color of chicken skin
and eggs.

(2) The quantity of the color additive
Incorporated in the feed ‘s such that the

. finished feed:

(i) Is supplemented sufficiently with
xanthophyll and associated carotenoids
so as to accomplish the intended effect
described in subparagraph (1) of this
paragraph; and

(i) Meets the tolerance limitation for
ethoxyquin in animal feeq prescribed in
§ 121.202 of this chapter.

{¢) Labeling. The label of the color
additives and any premixes prepared
therefrom shall bear in addition to the
information required by §8.32;

(1) A statement of the concentrations

" of xanthophyll and ethoxyquin contained
therein,

(2) Adequate directions to provide a
final product complying with the limita-
tions prescribed in baragraph (b) of this
seetion,

(d) Ezxemption from certification, Cer-

tification of this color additive is not
necessary for the protection of the public
health and therefore hatches thereof are
exempt from the certification require-
ments of section 706(c) of the act.

) {33 *R. 8813, June 18, 1963]

§8.302 B-Apo-8’-carotenal.

(a) Identity. (1) The color additive is
B-apo-8’-carotenal.
- (2) Color additive mixtures for food
use made with 8-apo-8’-carotenal may
ecntain only diluents that are suitable
and that are listed in this subpart as safe
in color additive mixtures for coloring
foods, ‘
{b) Specifications. B-Apo-8’-carotenal
“shall conform to the following specifica-
tions: .

Physical state. solid.
1 percent solutior In chloroform, clear.

‘ I$ 8.303
Melting point (decomposition), 186° C.-140°

C. (corrected).

Loss of welght on drying, not more than 0.2
percent..

Residue on ignition, not more than 0.2 per- .
cent,

Lead (as Pb), not more than 10 parts per
niilion.

‘Arsenic (as As), not more than 1 part per

million.
Assay (spectrophotomctrlc). 96-101 percent.

(¢) Uses and restrictions, The color
additive g-apo-8’-carotenal may be
safely used for coloring foods egenerally,
subject to the following restriccions:

(1) The quantity of B-apo-8'-carotenal
does not exceed 15 milligrams per pound
of solid or semisolid food or 15 milli
grams per pint of liquid food. .

(2) It may not be used to color foods
for which standards of identity have been
promulgated under section 401 of the act
unless added color is authorized by such
standards. .

(d) Labeling. The label of the color
additive and any mixtures prepared
therefrom and intended solely or in part
for coloring purposes shall conform to
the requirements of § 8.32.

(e) Exemption from certification. Cer-
tification of this color additive is not nec-

* essary for the protection o:f the public

health and therefore batches thereof ara
exempt from the certification require-
ments of section 706(c) of the act.

[33 F.R. 8813, June 18, 1968}

§ 8303 Caramel.

(a) Identity. (1) The color additive
caramel is the dark-brown liquid or solid
material resulting from the carefully
controlled heat treatment of the follow-
ing food-grade carbohydrates:

Dextrose,

. Invert sugar,

Lactose.
Malt sirup,
Molasses.

Starch hydrolysates and fractions thereof.
Sucrose,

(2) The food-grade acids, alkalis, and
salts listed in this subparagraph may be
employed to assist caramelization, in
amounts consistent with good manufae-
turing practice.

() Acids:

Acetic acid.
Citric acid,
Phosphoric acid,

Sulfurlc acid.
Sulfurous acld.

41




§ 8.304 * Title 21—Chapter 1

(i) Alkalis:
Ammonium hydroxide.
Qalclum hydroxide U.S.P,
Potasslum hydroxide,

. Sodium hydroxtde.

(i) Salts: Ammonium, sodium, or
potassium carbonate, bicarbonate, phos-
rhate (including dibasic phosphate and
monobasic phosphate), sulfate, and
sulfite.

(3) Polyglycerol esters of fatty acids,

identified in § 121.1120 of this chapter,

may be used as antifoaming agents in

amounts not greater than that required

to produce the intended effect.

. - (4) Color additive mixtures for food
use made with caramel may contain only

.7 diluents that are suitable and that are

"~ listed in this subpart as safe in color

additive mixtures for coloring foods.

. (b) Specifications. Caramel shall con-

form to the following specifications:

Lead (as Pb), not more than 10 parts per
million,

Arzenic (as As), not more than 3 parts per
million.

Mercury (as Hg), not more than 0.1 part per
million,

(¢) Uses and restrictions. Caramel
may be safely used for coloring foods
generally, in amounts consistent with
good manufacturing practice, except
that it may not be used to color foods
for which standards of identity have
been promulgated under section 401 of
the act unless added color is authorized
by such standards.

(d) Labeling. The label of the color
additive and any mixtures prepared
therefrom and intended solely or in part
for coloring purposes shall conform to

- the requirements of § 8.32.

{(e) Exemption from certification.
Certification of this color additive is not
necessary for the protection of the pub-
lic health and therefore batches thereof
arée exempt from the certification re-
quirements of section 706(¢) of the act.
“[33 FR. €313, June 18, 1968] :

§8.304 p-Carotene.

(a) Identity. (1) The color additive is
p-carotene prepared synthetically or ob-
tained from natural sources.

(2) Color additive mixtures for food
-- use made with g-carotene may contain

only diluents that are suitable and that
- are listed in this subpart as safe in color
additive mixtures for coloring foods.

(b) Specifications. pg-carotene shall .

conform to the following specifications:

Physical state, sold.

1 percent solutlon in chloroform, clear.

Loss of weight on drying, not more than 02
percent,

Residue on {gnition, not more than 0.2 per-
cent.

Lead (as Pb), not more than 10 parts per
miltion.

Arsenic (as As), not more than 3 parts per
million.

Assay (spectrophotometric), 96-101 percent.

(¢} Uses and restrictions. The color
additive g-carotene may be safely used
for coloring foods generally, in amounts
consistent with good manufacturing
practice, except that it may not be used
to color those foods for which standards
of identity have been promulgated under
section 401 of the act unless added color
is authorized by such standards.

(d) Labeling. The label of the color
additive and any mixtures prepared
therefrom and intended solely or in part
for coloring purposes shall conform to
the requirements of § 8.32.

(e} Ezxemption from certification. Cer-
tification of this color additive is not nee-
essary for the protection of the public
health and therefore batches thereof are
exempt from the certification require-
ments of section 706(c) of the act.

{35 F.R. 8314, June 18, 1968}

§ 8.305 Annatto extract,

(a) Identity. (1) 'The color additive
annatto extract is an extract prepared
from annatto seed, Bira orellane L.,
using any one or an appropriate combi-
nation of the food-grade extractants
listed in subdivisions (i) and (ii) of this
subparagraph:

(1) Alkaline aqueous solution, alkaline
propylene glycol, ethyl alcohol or alkaline
solutions thereof, edible vegetable oils or
fats, mono- and diglycerides from the
glyceroloysis of edible vegetable oils or
fats. The alkaline aleohol or aqueous ex-
tracts may be treated with food-grade
acids to precipitate acnatto picments,
which are separated from th- liquid and
dried, with or without intermediate re-
crystallization, using the solvents listed
under subdivision (ii) of this subpara-

graph, Food-grade alkalis or carbonates *

may be added to adjust alkalinity.

(i1)  Acetone, ethylene dichloride,
hexane, isopropyl alcohol, methyl alco-
hol, methylene chloride, trichloroethyl-
ene. .

142
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CHEMICALS USED IN FOOD PROCESSIN,G‘
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d-CAMPHOR (cont'd)

Natural food occurrerce: _
Basil, ho oil, iva herb extract, zedoary-
bark extract

: Aggrox. Avg

‘0—5*(&)

CAPRYLIC ALDEHYDE

(See Octanal)

CARAMEL COLOR

Heating and caramelizing of sugar

Flavors in which used:

Strawberry, butter, butterscotch, caramel,
chocolate, cocoa, cola, fruit, cherry, grape,

Foods in which used: Maximum ppm Derivation:
lce cream, ices . ... . . 0.10
Candy ........... 25, 1.1
~Baked goods ., .. .,.,.. 11 '
Condiments- . . ... ... o 20
CAPRALDEHYDE ' ) oo

(See Decanal)

CAPRIC ACID
{See Decanoic acid)

CAPRIC ALDEHYDE

{Sce Decanal)

CAPRINALDEHYDE

{See Decanal)

CAPROALDEHYDE

(See Hexanal)

. CAPROIC ACID

(See Hexanoic acid)

CAPROIC ALDEHYDE

(See Hexanal)

CAPRONIC ETHER ABSOLUTE

(See Ethyl hexanoate)

CAPRYL ALCOHOL

{See 1-Octanol)

CAPRYL ALCOHOL (Secondary)

(See 2-Octanol)

CAPRYLALDEHYDE

(See Octanal)

CAPRYLIC ACID

(See Octanoic acid)

CAPRYLIC ALCOHOL

(See 1-Octanol)

birch beer, liquor, rum, brandy, maple,
meat, nut, -black walnut, walnut, root beer,
spice, ginger, ginger ale, vanilla, cream
soda

| - Approx. Avg
Foods in which used: Maximum ppm °
Beverages . . ...,.... 2,200
Ice cream, ices . ..., .. 590
Candy ... ......... 180
Bakedgoods . .. .,.... 220
Sirups . ... ....... 2,800
Meats ........... 2,100
CARVACROL N
"Chemical formula: CHj
OH
CH(CH3)2

.Flavors in which used:

- Citrus, fruit, mint, spice

Natural food occurrence:

Dittany of Crete oil, oregano, lovage oil, .

. marjoram, origanum oil, savory
: - “Approx. Avg
Foods in which used: Maximum ppm
Beverages . . ... .... 26,
Ice cream, ices . ..., .. 34
Candy ........... 92
. Bakedgoods . ....... 120
Condiments ., .. ... .. 37

" CARVACRYL ETHYL ETHER

2-Ethoxy-p-cymene

Chemical formula; (CH3)2CH CH3

CH,CH3

Flavors in which used:

Spices
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SAMPLE DESCRIPTION

102B

Sample Code 103B 104B 1078 108B L09B 110B
' Single Single Single (1) (2) - (3) Double
Caramel Type Strength|Strength| Strength Strength
Beverage |Beverage| Beverage| - Beverage
Solids-% 70 70 70 49 82 82 72
pH 2-4 2-3 2-3 2.5-3.5 |3.5-4.5 [3.5-4.5|2.9
Isoclectric Point, pH < 4 <2 <2 <2 < 2
Usage Level in Sodas, _ _ _ _
grams/liter 3-4 3-4 . 3-4 . 1-3 N.A.  [N.A. 1-3
Starch Starch Starch Starch Starch Starch Starch
Carbohydrate Used Hydroly-|Hydroly-| Hydroly~ |Hydroly-| Hydroly- Hydroly-} Hydroly-
zate zate | zate = ‘lzate ' |zate ' |zate zate
Catalysts: : : .
Sulfuric Acid i X X X .
Ammonium Hydroxide X- X X X ‘ X
Sulfurous Acid or SO : X ‘ :
Bisulfite Salts X X X : X
Sodium Hydroxide X X '
Ammonium Sulfate ‘ X X X
. , Closed L _ :
Open or Closed Kettle Closed. |Open Closed Alcohol |Closed Closed Closed
Extracted = .
Nitrogen Used Basis ‘ —_— :
Finished Product, $% +59 0.8 -92 A0 1.36
Sulfur Used Basis .
Finished Product, % .88 1.0 1.13 .53 .09 4,95
Reaction Temp., °F. 280 270 280 280 1235 295
Reaction Time, Hrs. 1 2 1-1/2 1-1/2 2/3 2-1/4

(1) 800 Caramel Color was produced by solvent

caramel color.

The reaction conditions and catal

production of the direct burn caramel.

(2)

can be recirculated for reburning. : ~
(3) Acid-Treated Sugar, an intermediate in the manufacture of some caramel color types.

extraction of color bodies from a direct burn
yst usage figure shown representsthose for

¢

800 Residual Sugar was produced as outline above for 800 Caramel Color.
representing approximately two-thirds of the solids of the -original direc

The residual sugar,
t burn caramel,

AfEOé
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- TOXICITY OF CARAMEL COLOR PRODUGTS
by

W. L. Foote, R, F, Robinson, and R. S. Davidson

INTRODUCLION

A chemicaiior mixture of chemicalé of known or repfbducible
composition used in addition to the basic foodstuff and,present in the
foodstuff as purchased are termed chemical additives, Caramel color '
products undoubtedly must be included in this classification. Therefore,
it is desirable to investigate their biological effects and establish
that they will not harm the consumer.

‘Toxicity studies are usually guided by a knowledge of thé
chemical and physical properiies of the substance énd the effect of
subst#nces having similar properties or structurs, Upon this ihformntion
studies aré designed_to emphasize any suspected potential of the substance
for injury, thus providing aﬁ stringent a test as possible, However, as
the above information on caramel color products was not available, this

toxicity study was necessarily designed around the anticipated levels

- and patterns of consumption,

- . SUMMARY

The acute oral toxicity (EDsq) of caramel color products could
not be estimated as the maximum dosage that could be given did not present
any symptoms of toxicity. However, man is generally considered to be ten

times more sensitive than the rat; 80, on the basis that the maximum

=1
C\J
-

.
*w,
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dosaze given to rats was 2.3 milliters/kilosram; a man welghing 154

‘w-.—m..: - ‘u

' pounds who ingested 16.1 pilliters of & caranel color product at one A ¢

tire uouad not be adve*sely affected Thﬁs, if the caramel were added

b '
_ to a beveraae at a level of 0.10 per cent a man welighing 154 pounds e

) could theoretically consume 16 1iters (about 17 quarts) of the beverage

at onc time without being adversely affected due to the presence of the

I addiiive.
' : " The ingestion of an average of 1. OSml/kg of caramel color

4

products daily by rats over & 21-day period also showed no toxicity

RO

effects. Darkly stained fecal matter of varying degrees of softness

!
. and several jnstances of diarrhea was evident in all treated aninals.

L Rl B, o T

r " However, a gross and microscopic pathological examination revealed no T
i
) significant pathology. The rate of recovery from tarry stools was o

(’ t ‘almost instantancous after terminating the treatments., Interpretation q .

of these results -wouid indicate that a man welghing 154 pounds who v 1

ingested 7., xl of a caramel color product daily for a period of 21 days

would not be adversely affected.
FXPERIMENTAL WCRK

The acute and subacute oral toxicities were_determined for

seven caramel color proéucts (designated as 102-5, 103-B, 104-B, 107-B,

1088, 109-%, and 110-E). The procadures used in the evaluation of the

toxicity of caramel colors follow the outline of general supzestions

offered by officials of the Food and Drug Administration. Their

recosmendatlons appearcd {a "Proceiures for the Appraisal of the

Y Toxleity ol Choficals in Food, Drugs, and Cosmetics™ DY A. J, Lehnan

1, Getober, 1953 (10:10, pp 679-148) .

St

et 81, FTool, Jrus, Cosmetic iLaw Journa
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The detailed descriptions of all the work performed on this

project are contuined in Battelle Record Books Nos. 14261 ﬁnd 14473,

..,

Facilities

-

The small animal laboratoryvused in this p%ogr&m w;s a well
ventilated room with an area,éf approximately 350 square feet, The rats
were individually housed in l-inch wife zesh cages measuring 9-5/8 x 7 x 7
inches, These cages were suspended in sets of 60 ip "paper-roll"Abatteries.
Each cage had its own water supply. Rats used in the.studies were fed
Rockland mouse diet in pellet form from wire mesh feeders inside the cage.
There was an unlimited supply of feed and water available to the rats at

all times, Since the cages were suspended in batteries, all excreta dropped

ithrough the mesh onto the paper-lined trays which were cleaned daily.

Acute Oral Toxicity

The first phase of the examination of the toxic properties of

caramel color products was to establish the acute oral toxicity. This

toxicity is often expressed as the EDgp, that dose which, upon a single
oral adaministraticn, affects 50 per cent of the treated animals. Young
male ;nd female altino rats of the Sprague-Dawley strain were used in both
the acute and sub-acute oral toxicity studies, |

- In a case where there are no data on the biolozical effects of
& material, tre first step is to zet an estimatiog of the toxic dosé.
This is doné by aiministering doses spaced at 0.1 log intervals to groups
of ter animals, 5 male and 5 female, The information from this test is

also used in sclectinz dosazes for the sub-acute oral toxicity determinations,

z
) D
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The acute gxploratory doses used in this study were 0,501,

_0.631, 0.794, and 1.0 milliters, The caramecl color products were

issolved in distilled water to give the cesired dosages and fhese vere

\

. administered to the rats by stomach tube., A 10-ml hjpodermic syringe -

and a 4-~inch section of rubber catheter were used in the intubétions.
Zach rat received 1 ml of the solution at the desired dosage level,
This is the maxizum safe dosagé usually administered.by intubation,
The average welght of the rats in each group ;as 239.8 g, therefore the
animals receiving 1.0 ml of the study mutefialg'actually received an
approximate dosagze of 2,3) ml/kg,

‘The animals were observed daily for two Qeéks following -

trestment. There was no indication of toxicity in any of the treated

or control anirvals, At the termination of the observation period,

1l male and 1 female from the highest.dosage 19vel of each group were
autopsied and exanined for gross pathology. There was no evidence of
toxicity to te noted in any of the animals, during the study or upon
gross examiration,

On the basis of information gleaned froxm this phase of the

progran alone, it can be concluded, as man is generally considered to be

ten times more sentitive than the fat, that a man welghing 154 pounds
who ingested not rore than 1%.1 milliters of a caramel color product at

one tine would not be affected,

Stb-Acute Cral Texicity

In the determinntion of sub-acute oral toxicity, as in the acute

phase, it is necessary to ecitablish an approxixmation of the toxic level
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of the material being investigated before full-scale tests are run,

This is done on the basis of information gleaned in the acute toxicity

trial, - o | | ;
. . . ) . ;. .
By examining the information obtained from the acute work, it -

was decided tbat the maximum quantity of each of the*ﬁaterlals would be -
adninistered, 1,e,, 1 ml of the undiluted products, Groups of.S male

and 5 female albino Sprague-Dawley rats were established by assigning

the animals on the basis of weight in such amanner that each group had
the same average weight and the same range of weight. The féed for each

animal was weighed out and the amount recorded, Records were kept of

weight changes, food consuamption, and grossly detectable symptoms as well

as of mértality.

The maximum tolerated dosage of each of the raterials to be given
was 1 nl of the concentrated material daily for 21 days. Great difficulty
was experiehcéd in intubating all of the materials as the viscosiiy of
each was sufficiently great encugh to inhibit the passage of air into
the lungs when any of the material.ﬁas depos¥ted in the airway. An
active gag reflex was apparént iﬁ almost all animals intubated. An attempt
w;s made to irrigate and aspirate the oral cavity of all animals thﬁﬁ
affected, However, in a number of éases this procedure did not effectively
clear the airway and within a few minutes the animals died of suffocation.
Animals }rom each group were autopsied and it was evident that death was

due to the mechanical blockage of the airway, Mortality averaged froa l-4

n all groups except the control and 103-E groups. The 110-B

[

&nirals

(44

group was the highest with 40 per cent morfality. Animals which survived

were norial ty tne following morning, , ‘ .
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tj} -t : Replacement animals were ordered from the same source and
\u,('\‘ “intubations were immediately resuméd with the materials diluted lxl with

distllled water, Althouah this reduced the daily dosage of the concentrg@ed
) material to 0.5 ml per aninal, it allowed trouble-free intubations by ‘
-decreasing the viscosity of the materials, At the end of tﬂe second day
of intubations, two incidents of diarrhea were noted in the 109-B group
} - and one animal in the 102-B, 104-B, and 108-3 groups each bad soft
tarry stools, By the end of the first week, all treated animals had
A tarry stools with some degree of softness,

i ' ~ One rat died during the first week of treatment due to a

| ' ruotured esophagus inflicted during intubation, There Were no more

. mortalities during the study. The tarry fecal matter which was evident
I | in all treated anirals disappeared immediately upon termination of
r treatments., Tkere were no symptors in the énimals ofkthe control,
| The ;verage total weight changes and food consurption for
each group and for the males and females in each group are shown in Table 1.
No significant differernces were found in the various groups,

A pathological examination was made of the organs and digestive
tract from two male and two female rats from .each group, including the
confrol group. The evaluation§ were based upon gross and microscopic
eiaminations frea the control réts. The patiologist reported that there
was some congestion of the spleen and kidnoys in the 108-B, 109-B, and
110-E groups. However, it was concluded that the caramel color preducts

in the dosapges adzinistered did not contribute to any pathology which

would indicate the presence of a significant toxic agent,

&
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DISCUSRICH

The proccdures usecd 1n.tne acuie and sub-acute toxicity studies
follow the “econmerdntions of the Fure Food and Drug Administration, Tbe.
preliminary screening trials were necessary as no preliminary data could
Be provided by the Sponsor, .

_Albino rats of the Sprague-Dawley strain wefe used in all the
o:al studies, The difference in the susceptibility of various strains
of rats to toxicants has been of great interest to workers in this field,

It is tﬁe opirion of some breeders of laboratory animals that Sprague-

Dawley rats are particularly sensitive and, therefore, excellent animals

to be used on toxicity evalustions,

This p“ogram Lkas been a preliminary toxicOIOgical research
effort desizned to cive an apnroximate value of the effects of caramel
color products and a background for further evaluation of the products
as intentional chenical additives for the purpcse of inparting desirable
qualities to focds and beverages, The organs and digestive tract from
one méle ard one female ratdfrom each group have been preserved in labeled
bottles containing a 10 per éent formalin}solution, and are available
to tke Sponsor at any time, |
WLF:R*R:RSD/rn
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TABLE 1, P:ZR CENT INCREASES IN BODY WZEIGKT AND AVERAGE i p?l
TOTAL FCOD CONSUMPTION - SUB-ACUIE ORAL TOXICITY ’
OF CARAMEL COLOR PRODUCTS

r”> :

e Initial  Final Weight  Weight Total Average Food
. Number Weight, Weight, Gain, Gain, Consumption During
. -Group of Rats grams ' grams grams  per cent  5-Week Trial, grams.
Control : ' , '
) - Total 10 176.,0 286,12 110,12 62,57 T 768,72
‘ Males 5 175.5 339.0 163.5 93.18 884.9
| Females 5 177.7 233.3 55.6 31.29 . 652,0
102-B . '
Total 10 177.4 288,25 110,85 62,48 - 758.24
Males 5 175.4 324.0 1.,8.6 84.72 906.55
l Females 5 179.3  252,5  73.2  40.83 652.7
. ot - :
' 103-E | .
] Total 10 173.8 281,7 107.9 62,08 725,17
| ‘Males 5 170.7 325.2 154.5 90.51 _ 814.90
- Females 5 176.9 238.3 6.4  34.19 635.4
) 104-B _ -
' Total 10 171,85 2719.5 107,65 62,64 695.9
Males 5 166.4 311.4 145.0 87.14 736.9
Females 5 177.3 237.17 59.78 33.72 - 649.3
ﬁJ 107-5 - \
| N\ Total 10 175.85 288,2 112,35 63.89 . 46,43
. Males 5 175.5 325.9 150.4 85.70 . 768,0
Females 5 176.2 238.0 61.8 35.07 . 694.1
102-B : :
Total 10 174.6 283.5 108.9 62,37 749.57
Males 5 175.6 328.5 152,4 86,78 - 853.4
Females .5 173.6 238.5 64,9 37.38 645.6
109-E :
Total 10 174.25 268, 87 94,62 54,30 716.0 .
Males 5 171.1 312.0 140.9 82,35 803.0
Females 5 177.4 225.7 48,3 27,23 . 633.0
110-5 '
Total 10 172.,7 279,87 107.17 62.06 707.8
Males 5 168.38 322.0 153.2 90,78 772.5
Fexales 5 - 176.6 237.7 61,1 34.€0 : 643.2
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Tasues - RAT

RAT TISSUES - delivered by Mr, Foote, March 21, 1958

Our Number

15025
15026
15027

15028

15029

15030

GROSS

Il
77~ -

-

Labeled Control, #3, female, 2 kidneys liver, spleen, heart, atomach.
and colon, sectioned for microscopic examination.

Labeled Control, #8, male; 2 kidneys, liver, spleen, heart, utomach,.
colon and small intestine, sectioned for microscopic examination. y

Labeled §102-8, #13, female; 2 kidneys, liver, spleen, ‘heart. stomach,
and small intestine, sectioned for microscopic examination.

Labeled #102-8B, #18, male; 2 kidneys, liver splecn, heart, stomach,
colon and small intestine, sectioncd for microscopic examination.

Labeled #103-B, #23, iemalé.; 2 kidneys, liver,spleen, heart, stomach,
colon and small intestine, scctioned {or microscopic examination. ’

Labelcd‘#103-}3. #28, male; 2 kidneys, liver, spleen, heart, stbmach.
colon and small intestine, sectioned for microscopic examination.

NOTE: Up to this point there is no gross pathology noted in any of the organs.

15031
15032
15033

15C34

Labeled £104-B, #32, female, 2 kidneys, liver, spleen, heart, stomach,
-colon and small intestine, sectioned for microscopic examination. .

-Labeled #104-B, #38, male; 2 kidneys, liver, spleen, heart, stomach,
colon and smazll intestine, sectioned for microscopic examination.

Labeled #107-B, #43, female; 2 kidneys, livér. splcen, h_eart. stom_ach.
colon and small intestine, sectioned for microscopic examination.

Labcled £107-B, 642“:. male; 2 kidneys, liver, spleen, heart, stomach,
colon and small intestine, sectioned for microscopic examinatica.

H.L. Reinhart, M.D.
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) Rat Tissuecs
GROES (ccent)
)
Our Number
: 15035 Labeled #108-B, {53, female; 2 kidneys, livér, spleen, heart, stomach,
S qolon and small intestine, sectioncd'for mic;os_scopic examination.
' 15036 Labeled #108-B, {58, male; 2 kidmeys, liver, splecen, heart, stomach,
. colon and small intestine, sectio'wd for microscopic examination.
} .
15037 . Labeled #109-B, #123, female; 2 kidneys, liver, spleen, heart, stomach,

] . colan and small intestine, secnoncd for microscopic exammatxon.

r' A 15038_ Labeled #109-B, #1238, male; 2 kidneys, liver, splccn, heart, stomach,
N colon and small intestine, sectioned for microscopic exnmination.
*'\.(4\5039 Labeled §110-B, #133, fernale; 2 kidneys, liver, spleen, heart, stomach,
- colon and small intestine, sectioned for microscopic examination,

15040 Labeled #110-B, 138, male; 2 kidneys, liver, spleen, heart, stomach,
: colon and amall intestine, sectioned for microscopic examination.,

MICRCSCOPIC

15025 2 Microscopic examination of liver, spleen, kidney, heart, stomach and
’ colon; no significant pathology. .

15926 - Microscopic examination of lung, liver, spleen, colon, kidney, stomach;
‘ no sigmificant pathology.
15027 - Microscopic examination of liver, kidney, spleen; heart, colon, utomach,
small intestine; no significant pathology.

150628 Micr o.cop ¢ examination of liver, stomach heart, colon, sma.ll intestine,
- pancreas; no significant pathology.
Spleen; moderate congestion,
Kicéneys; moderate congestion. i

i—I.L. Reinhart, M.D.
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" MICRCSCOPIC (cont) |
Our Number
15029 Microscc;p.ic examination of liver, spleen, kidn-ey; pancréas. coléﬁ..

heart and stomach; no sign.ificant pathology,,

18030 chroscopu: examination of heart, kmney. colon, liver, spleen, small int- .

estine, stomach; no significant pathology. .

15031 _Microscopic examination of pancreas, kidney, heart, liver, stomach, colon.
' ~ spleen, and small intcstine; no significant pathology.

15032 Microscopic examination of kidney, heart, colon, small intestine, spleen,
‘ stomacin, liver; no significant pzthology.

"‘(\15033, Microscopic examination of liver, spleen, kidney, colon, small intestine,
- ~ heart, pancreas, stomach; no asignificant pathology. '

15034 Microscopic examination of liver, spleen, stomach, kidneys, adrenal glands,.
pancreas, small inteatine, heart; no significant pathology.
There is congestion of the spleen with some hemolysis of R.B.C. and blood
pigment.
Kidneys present moderate congestion of tubular portions with some bloed
pigmentation prescat,
No noteworthy pathology.

15035 Microscopic examination of heart, kidneys, stomach, small intestine,
: splecn, liver; no significant pathology. '
There is raoderate congestion of splecn and slight congestion of kidneys.,
Tissues are not otherwise remarkable.

15036 ~ Microscopic examination of heart muscle, small intcstine, aplcen, kidneys,
stomach and liver; no significant pathology.
Moderate congestion of the splecen,
Not otherwise remarkable,

~

H.L. Reinhart, M.D.
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. MICRGSCOPIC (cont)

- ODur Number

15037 - Microscopic examination of liver, pancreas, stomach, spleen, kidneys,
small intestine, adrenals, ‘heart; no significant pathology.
Moderate congestion of spleen and kidneys.
Not otherwise remarkable.

15038 Microscopic examination of stomach, pancreas, spleen. heart. kidneyn.
liver; no significant pathology. .
Moderate congestion of spleen and kidnoys. o -

Not otherwise remarkable,

15039 Microscopic examinatica of kidneys, stomach, spleen, pancreas, hoart,
liver; no significant pathology. _ <
. ’(‘\ Slight congestion of spleen,

Not otherwise remarkable.

15040 Microscopic examination of heart, kidneys, adrenals, stomach, spleen,
small intestine, liver; no significant pathology. '
Moderate congestion of Lver, kidneys, and spleen.
Not otherwise remarkable.

No significant pathology to datel! -
Report wxll be continued as soon as remaining slid»a for microscopic examination
(7 organs from animals delivered to me April 8, 1958, are available.

” ' . -7 ¢ f“\;/(‘ —~—
' '\:}/&l‘/ e k,\—},,".',z,w 7w’ /...
H.L. Reinhart, M. D,
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RAT TISSUZS « Rec'd April 4, 1952, dellvered by Mr, Wendell Foote

GRC3S
Cur Nomher
V. s, . o . P 5 4
L 15041 Labeled Contreol, #2, male; kidneys ond liver, sectioned for microccopic
: : oxamination. Iaspection of stomach, lung, spleen end intestinal tract
reveals no grosa evidenco of pathology.
18042 °  Labeled Control, £7, femals; kidneya, liver, heart, suctioned for microe
scopic exaxmination. Inspection of stomach, lung, splecn end intestinal
' : - tract reveaia no gross evidenco of pathalogye
15043 Labeled f102-DB, f12, male; kidnoeys, heart and livor, sectioned for micro-
- : scoplic exammimination. Inepecticn of stomach, lung, spleen and intestinal -
o (\ , tract roveals no gross evidence of pathology. :
15064 Laboled €1¢2-5, 17, female, kidneys, heart and liver, soctioned foz
raierescople examinations Inspection of stonwch, lu'x'v, splecn and T,
inteztinal tract reveals no gross evidence of patholog
15645 Labeled 6183-33, #22, male; ki»;}ncya., heart and lver, secticned for microe
scopic examination. Inopccticn of stomach, lung, splecn and intestinal
tract revceals no groas evidenco of pathsiogye.
15046 Labeled £103-B, £26, fornale; kidneys, liver and heart, sectioned for
thlcrosconic examination,s The lungs are omall and somawhat congested,
and are cectioned for mlcrosccopic examination, Inspecticn of stomach, .
spleen and intestinal tract reveals no grocs eviduc e of patholegy.
15047 . Labeled Fid4-3, 26, male; kidnoys, heart and liver, eccticned for microe-

acopic cxamination. IIngpcection of stomach, lung, apleen and intestinal
tract reveals no gross evideace of pathology. e

~

... Relahasrt, M, D,
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| S——
. Cur Numbey |
b 15043‘ Labcled .&:-1'04-!3. 837, !érﬁala; kidneyo, heart and liver, sectioned for

microscopic examinations Inspection of atomach, lung, splecn and
b ’ Intestinal tract reveals no grose evidence of pataclogy,

15049 Labaled §109- B, | #122, male; kidneya, heart an‘d liver, soctioned for
: microscopic examination. Inspection of stomach, lung, spleen and
, intestinal tract reveals no groso evidence of pathologye. RS
v ,

L 1808) Labeled £109-B, 27, female; kidneyo, heart and liver, sectioned for
' - . micrescopic examination. Inspectien of stomach, lung, sgiocn and
b ' - intestinal tract reveals no gross evidence of pathology,
l -‘"~(‘5651 Labeled #110-B, #134, male; kidneys, heart and liver, sectioned for
- mlierescopic examination. Inopection of otomrach, lung, spleon and
intestinal tract reveals no gross evidenee of psthology.

15052 Labaled £110-3, $139, {female; kidneys, heart, liver and lunge, eectioned
- for microscopic ¢xamination, Moderate congection of lungs. Inspection
of stcmach, spleen and Intestinal tract reveals no gross cvidonce of
pathology.

15053 Labsled #1U7-1, 042, male; kidneys, heart and Uver, sectioned for
‘ microscopic examination, lnupection of stomach, tung, spleen and
inicstinal tract reveals no groess evidence of pathology.

15054 Labeled §107-D, #47, female; kidneys, heart and Uver, sectioned for
microscopic examination, Inspoucticn of stomach, lung, splecen and
intestinal tract revealo no gross evidenee of pathology.

155‘55 Ladeled £1C3-8, £52, male; kidneys, heart and liver, occetioned for
n:icrcocopic examination. Incpection of atomach, lung;, spleen and
Intestinal tract reveals no gross evidence of pathology.

AN

H.L. Reinhart, M.D.
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GRCSS (cent)

Cur Number -
15456 Labeled §108-8, £57, {emale;'kk‘meya, heart and liver, secticned for
r : - microscopic examinztlen, Incpection of stomack, lung, epleenand .
¢ intcstinal tract reveals no gross evidence of pathology.
o TR s T e S PGP An D T s I e T PR . — et ———
| { - MICRGECOIIC

Normal kidney and Uver tizcua,
Heart, kidneys, adrensls and liver, prosent no noteworthy patholagy.
Heart, kldnoys, adrenala and liver, prosent no noteworthy pathalogy.
Kidneys, moderate congeétian of vessels and moderate perd-palvic

» iniiltration cf round cells, o _
Liver, adrenals and heart, proacat no nctewcerthy pathology.

Hearst, kidocys, edrenale and lives, proecnt no noteworthy pathology .

Icart, kidazys, adrenals and liver, prescnt no noteworthy ratholozy.
Portion of lung inchuded presents a moderato congestion of blood vessels

ileart, kidacys and lUver, prosent no noteworthy pathologye.

H.oart, kidneys, adrenals and lver, preacnt no noteworthy rathology.

Heart, kidacys, adrenals ead liver, prescnt no noteworthy ;athclogy.

!*-L. :;Clnhzl". ’-{.D. .'

Cheb L et S TR TR vt e s g smmon - et oA s emm e aae sy
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’ MICRCEGPIC (cont) o |

)

' | Cur Number -

: ‘ 1505§ \ Heart, kidneys, adrenals and Mver, present no noteworthy pa_tholog.y.

| - 15051 . Heart, kidtwyﬁ. adrenals and l!vor. present no noteworthy patholog,y.-

) 15C52 Hcart. kidneys

I : NMaderete congecation of lungs,

———— m———

« 2drenals and livur. oresent no notew orthy pathology.

-

Heart, kicneys, adrenala and liver,

Heart, kidneys, adrenals

resent no notoworthy patlwlog;yc '

tcart, kidneys, adrenals and Mver, prcsent no nateworthy pathology, )

and liver, prosent no noteworthy pathology.

Heart. !daneyo adrenzls and lzver. precént Qo noté{vozthy i:zithc}a;y.w )
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A STUDY TO DETERMINE
WHETHER OR NOT CARAMEL HAS
ANY HARMFUL PHYSIOLOGICAL EFFECT.

I. 1951 II. 1958

| by
o a . John Haldi, Ph.D. and . - Winfrey Wynn, M.A.
l ‘Department of Physiology

School of Medicine

o Emory "University
\('\ ~ o ' Atlanta, Georgia

1951 and 1958

to

The Coca-Cola Company
* Atlanta, Georgia
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. Ce prerlmcnt #71~£, males ancd females, 200 days
o d. Experiment #71-., males and femzles, 300 days
TR o e. Experiment i71-E, 3econd Cenera tion, test .
' - 2 Averurcs' Experiment 72-x, Experiment FT2-7 Ixperiment ;72-A
~a. Experiment v72-x, nales and fenmales
‘b. Experiment 172~V, females; Zxperiment 72-4, x, males

Ce.

Eyperlﬂent #72-y, males; Experiment 72-4, y, males

F. thter itecords, Lxperiment F71-B

Figures

- ). Experiment #71-A
Do 2. Zxperiment #71-3, Breeders
3. ZIxperiment #71-E, Second Generaticn B
L. Experiment #72-x . , T
5. Experiment 72~y '
6. Experiment i72-7

~=

Outllne of Experiments - 1958

1. Experlment on CPRCO; VE1l, VE2 blend

Table

2, 'Experiment on $-58; HX79, HX80 blend

l. Experiment 73-X

- Histological Report

()
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*All test materials were so-called single strength caramels.

NOTE.

In thls report, caramels* used are 1dent1f1ed as

‘ follows-
1951
1.

Regular caramel

Union Starch and Refining Co.,_open kettle.
Carbohydrate: starch hydrolysates.

Catalyst: ammonium hydroxide and sulfurous acid.
Analysis: 0.8% N, 1.0% S.

5- -4251; also called Hl-Test or ngh Acid Proof.
Sethness Products Co., closed kettle.
Carbohydrate starch hydrolysates.

Catalyst: ammonium hydroxide, sulfurous ac1d and
sodium bisulfite.
Analysis: 1.0% N, 0.8% S.

UL-14143 also called Hi-Test. ' -
Union Starch and Reflnlng Co., closed kettle.
Carbohydratc starch hydrolysates.

Catalyst: ammonium hydroxide and sulfurous acid.
Analysis: 1.1% N, 1.2% S.

Dehydrated caramel:

similar to 1, with 25% of m01sture removed.

1958

CPRCO: 1l:1 blend VEl1l and VE2.
Corn Products Refining Co., closed kettle.
Carbohydrate: starch hydrolysates
Catalyst: ammonium hydroxide, sulfurous acid and
v sodium bisulfite.

~ -Analysis: 0.7% N, 1.25% S.

S-58; 1l:1 blend HX79 and HXS80.
Sethness Products Co., closed kettle.
Carbohydrate: starch hydrolysate
Catalyst: ammonium hydroxide, sulfurous acid and
sodium bisulfite.
Analysis: 0.7% N, 1.25% S.

~

‘¥
-



o A SlUDY TO DETEL-THE WHETHER CH KGT CARAMEL hAS ANY BHARMFUL PEYSICLCGICAL ACTION

Svunmary of Resuvltls

!y.; " The anixmals used in this experiment were albino rats of the Wistar strain.
Preliminary experlments showed that the rat will drlnk relatively large anounts

- - of cargmel dlssolvcd in water, These experiments also indicated that caramel is not

toxic. E SR

These experimenis wvere f011o'ea by carefxlly contro’led eynerlments, E“lch

"‘M«t‘ ﬁ\ au.a ?""1" .
provide evidence to show that 1heAcgrane1 presently used in Coca Cola, ard also two

other varieties submitted to vs, vhich are designated as 5-1:251 and U—L—lhlhB, have‘
'.no deleteriouvs physiological acticn. |

Grouth, reprcductivity, hemcglo: 1n, red, WLLte and differentizl cell counts cf ~
(’}he blood and the histclezical =tr1c»xre of the liver, spleen, klcney, stomach,
- heart, lungs, pancreas, gonads, dvodenum, small intestine and large intestine were
not affected ty the ingestion of lar;e amotnts of caramel over long pericds of time.
In some instances the animals ingested caramel for as leng as 300 days which is
approxinately one-hzalf the normzl life span of a rat. The aversge intzke ‘on a very
conservative tasis ma 7 be taken as 2.5 g¢m. per day. Since the average weight was
in the neighborhood of 20 O g£m., this 1nuake was equivalent to zbout 5 gm. per pound
of body weight. If these figures can be applied to man, thesc experiments indicate
that an intake of shout a pound of carunel per day by a child weighing 80 pounds or
two pounds per cay by an advlt man weighing 160 pounds would ‘of itsélf produce no

harmful physiological effects.

O
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CARAIEL STUDIES

REPCKRT ON EXPrRLM:ETS CN TH: INGLSTICS CF CLRAMEL EY ALBiNO RaTs

Experiment #71-Preliminary

*  Procecure

This experiment was a prellnlnary stiay to determln; roughly what quantities
‘of caramel the rats would ingest vo1Lntar111. .
' Adult albinos were(selected at random from the colony and weré fed Purina
i Laboratorj Chow ad libitime 5 animals were offered 30 ml. 10% cara mel solution made
"up in tap water each day; 5 more anirals vere offered 30 ml. 203 caramel solvtion
cach day. Observatlons were made cn the scner“l heal th of thcse animals, loss or
-gain in weight, and dally intake of cars arel soluticn. This experiment was continued
for 127 days after vhich tirme the an¢mals vere autopsied and tissuves fixed for
»; (T)lstolcglcal examinatiocn.
. Résults i |
" A1l anirmals on both 10%'and 2035 caxamei solﬁtion remained in good health
Afhroughout the time of the experinent, 127 days. The animals on 10% caramel drank
:on the average 27 ml. per day. This amounted to an _average 1ntake of 2.7 gm. caramel
each day for a period of 127 days. The total amount of caramel ingested on tke
average was 330 gne per rat, The animals on 205 carzmel drank on the averm*e 27 ml.,
pér €ay. This_amounted to an average intake of 5.l gm. caramel each day. The total
amount of cargnel ingested on the average was 686 gm. Per rat. These data-are pre-
sented on table #3-1,
- It was observed that the feces of 211 these anlmals were very dglk in co’or,
rather large in amcunt and occa51onally there was some evidence of a very mild dlarrhea.
’*(Tf}ds obs erved diarrhea was so mild that 1t couvld in ne vay te considered harmaful.

Peports on histolocgical examination of the tlssveq of these animals were negative.
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ﬁxneriment F1-4, First Gencration Stucy

. In view of the fact that .the aﬁimals in X yoerl ent #T1-Preliminary vere gble
;  fnio tolerate a large awount of caramel daiiy without haraful. cffects, it was decided
.to run a carefully controlled exnerlnenu L51ng a 10p solution of cararel as the .

test naterial.
" ‘Procedure
60 albino rats were selected in 1itter mate pairs, shortly after weaning, theif
welghto averaging fr01 50 to 65 gn. They were fed Purina Laboratory Chow ad libitum
| and the test anlmal° wEYe offcred 30 ml. 10p caramel solution each daj as theﬁr
sole source of_f1u1d; the control lltter mgtes wvere glven water to drlnk.
The experiment was divided into threc parts. 10 rats were run as tests for 160
L- days and 10 rats were run as controls for the same period. 10_more were run as tests
for 200 days and 10 as conirols for the saﬁe period; 2lso the_éame nurber of pairs
were run for 300 days. |
{ :f;\ Observations were made on fluid intake, food intake, and caramel jntake. Each
apimal was weighed at 10 day intervals to obtain groﬁth curves., At the endvof the
100, 200, and 3090 day periods, the animals vere auntopsied and sections were made
and fixed for histological exanination. Blood was drawn from the tails of several
test animals and several control animals at the end of 100 days, 200 déyé and 300
days. Hemozlobin, red cell counﬁ, white cell count, and differential counts were
made. | | -
" Results
From figu;e #1 it may be seen that'there was no appreciable difference in the
rate of growth of the test and control animals.
The. 100 da& animals ingested 22 gm. caramel or on the average of 2.2 gm. each

day; the 200 day animals ingested L68 gm. or an average of 2.L gm. ‘each day; the 300

¢ NMay animals 755 gm or an average of 2.6 gn. each day. Table #B-2.



o~ “aw
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Eistological examination of the tissues of these animals did not show any
patholo~’cal changes which. could be constrned as he v1ng been caused by the ingestion

(—\of the caramel.

The re31ltq of the SthdlC” of the blood of the test anlmals vere the sane as

those observed in the controls. Tables 7l E-l,a, E~1,b; E-1,c; E-1,d.

F

uo/s
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Experiment #71-B, Repreduetivity and Second Generstion Study

Procedure, Reoroductivity Study

ey 60 alvino rats were sglected in litter mate pairs at weaning, 30 males.and
. 30 females. One-half of these gnlmalg, 15 rales and 15 females, served as controls
- and were fed Purina Lzboratory Chow ad libitunm entil they reached 100 deys of zge.

- These ‘animals were given tap water to drink. The other half of this grovp of animzls
! g P P P)

15 males and 15 females, served as tesf animalé and wére treated in the same manner
as the controls, except that tthe tests vere glvcn 103 caramel solutlon ad ;&Qgpun
as thelr sole source of fluid during th01r growing perlod. Growth curves were
obtained on both test and control grovps. o o
VWhen the znimals reached lOO days of age they %ere nated and records wer; Pcpt

of nwmbers of litters born and number of nups in each litter. These records were

kept for a 200 day periocd.

Results, Reproductivity Study . o o . '

.

',IQ Grouth curves of the breeder rats are given in figure #2 and show no apprecinble

‘difference bétween tests and controls.

Records of number an d size of 1itters df these aninals are given in table #F-1.
These data also shoy no anorec1ab1e dlfferences bet"een test and control anlmglu.

Proceaure, Second Gensraolon Study

.

25 males and 25 fenales, which were offspring §f the test anlmals in Experiment
#71-3, were selec»ed at rasdon at weaning age. These enimals were fed Purina Labor-
atory Chow ad llbltm and given 107 caramel solution as scle source of fivid until
they reached 100 days of age. Records wvere kept of the growth of these animals and
at the eﬁd of the 100 day period they vere au£opsied and sections froﬁ L animals
fixed for histological ex anlnatlon. . |

Hemoglobin, red and v te cell counts, and differential counts were made on

P (_\he blood of 8 of these animals,

H

[ R . -



"“were ncrmal. Femoglcbin values and blood counts were aisc normzl. Table
Bistological examination of the tissves of these animals revealed no 2t

i .malities vhich could be construed as having been caused by the inges

°¥

Resvlts, Sccond Cencration Study

-

CGrowth curves of the second generaticn animzls, as may be seen in figure i3,

067

-1; E-3,e.

tion of caramel,
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Experinent #72-x%, Caramel #S-1:251
’ﬂ\Proccdrre_ L
32 glblno raho (1,0-55 gm. ) were selected shorulj after weaning 16 were uscd
as contfois and the i‘ litter mates (16) vere used as tests. "M ﬁhe animals were
'_f;d Purina Laboratery Chcw ad libitrm. The controi animals were giVen-water tc
rink vhile the tests were offered 30 wml. of lOﬁ solution of carcmel #5-1251 to
drink. Records were kept of growth and car mcl intzke of these animals for 109 days.
At the end cf thi - period the anlmals were aut0931ed, hemoolobln and complete blood
- counis made, and sections of L rats fixed for histological examinaticn.
Resvlis o ." ' I . . ' L

T ¥

As-may te scen in figure il there are no appreciable differences in the growth.

curves of test and control animals.
. Tabtles FE-2 and £E-2,b give the resvlts of the blood exzmination. Here also are
] & 3 [

_(-\found no appreciable cifierences in test and conirol grovps.

Histological examinaticn of the tissuves of these animals failed to show any

L4 L)

abnornalities "awcl

:!

may be construed as having teen caused by the ingestion of this

_carzmel.

Experiment #72-y, Caramel §U~L;1blb3.

Proceduvre I S ] S -

This experiment was én exact duplicate of Experiment #72-x except that caramél
#U-L-1)11L3 was Lsed instezd cf caramel #5-L:251.,
Resvlis

A1l negative as in bxperiment #72-x. Figure #5. Tables #E-2 and {E-2,c.



‘BExperiment #72-A

-

.

Procedure -

5 rats, LO-55 gm. in weight, were givén a 203 solvtion of caramel #S=4251 as -

.

sole source of fluvid fer 100 day. Another group of § rats were given a 20% solution

of caramel #C-L-111L3 for the same length of time.

Resulis .
Growth curves were normal as shown in figure #6. . :

Blood pictures oi these animals were 2lso nomal as shown in tatles #E-2, E~2p,

and E-2c.



o T NI - 1067

The Atsorotion of Caramel by Albino rats

In view of the observations cn the de'ree of color and the éoﬁsistency of the
CI..?:E‘ecf..l 01tout of the rats with a large intake of quaLCI, it was deemed advisable to
see if an eétimate of the amount ofAcaranel absozted by the fats could te obtained.
The following e pcrlmenu was done to attempt to ans1er this cuestlon.
Procedure ' R o L
: i Part 1 A
BER ‘ :o conurcl and four test rats which had becn drlnklng approximately jd ml, of
10p caramel solution dally fer 100 days were placed in metabolism ceges for a L8
hour period. Total caramel intzke was recorced and the feces frcm these aninmals

~

" were collected. Thre prccecure for the estimation of the amount of caremcl sbsorted .
) by fhg test rats vas as follows: The feceé of the test“rats were leached.with hot .
vater and the extract was ma&e up fo a standard Yoltme. The feces of thre contrcl
. aninmals vere alsé leached with hot water and made up to the same volume as the tests.
{ nC_?A kno"n amount of cara"el was added to the. extract from tLe feces of tre controTs.
Tbls solttlon vas used as a stanuara for corparison with the sclvtlon obtaired {rom
“the test rats. It was necessary to vse the extract frcm the contrel feces in making
up the standara caranel solbulon because allowance hga to be made for the color in
normal rat feces. The difference in the arount of caramellin the feces of each test

rat and the amount of carzmel inzested by each rat is reported as caramel absorbed.

This procedure was repeated on two of these rats drinking 105 caramel and also

s

on one rat dripking 20% caramel.
" Part 2

Three rats ﬁhat had been drinking 10% caramel and two rats that had'béen‘
drinking 207 caramel were given water to drink for a 2L hour perio§ and then given
caramel for 2l heurs and then'water for 2L hours. The fecal ouviout was collected

Cf}or the lgst L& hours. After a few dzys this procedure was repeated using the same

rats, and again severzl days later. N

'y
.



“Part 3
Three raté were.given 2 105 soluticn made from dehydrated caramel; oﬁe rat
" “Orank the regulér 10% céramel and one rat thre regular 203 éaramcl. The sare
procedure was followed as in part 2.
Results |
The results may te seen in table #D=1.

.

Conclusicns

Vhile there do occur rather wide veriations in caremel atsorption from day to

day, tre average per cent of the ingested caramel which was absorbed remained rather

constunt throuchout thre experiment. Ve may conclude from these few otservaticns

.

that appreoximately one-third of the color-giving cermponents of the caramel may be
. -absorbed Yy the albino rat. As concerns those components of the caramel which do

rot account for the cclor we can ¢raw no conclusions.

g4
*



T ORI e S 2a12-51 | |
" Tne Utilization_of Caramel by Albino Rats. -

Part 1, _- : :‘-v K . ' e e
Tvio control rats which Grank vater and 4 test rats which haa been

drirking approximately 30 ml. 104 caramel solution daily for about
100 da2ys were placsd in metabolisn caizes for the collection of ths
fecal cutput. They were left in these cazes for a 48 hour nericd,
their caramel intalie rccorded and fecal outout collected. fne color
vas dizsolved out of the fecos with hot vater. The color of the extract
was vompardd with a caramel standard to cdetermine the total caranel

. output of each rat. The difference betreen output in ths feces and
intake 1s reported as caramel which was utiliasa by the rats., This
amount, of course is based on the amount of colop vhich was lost.ihe-
fecal output cof the controls was used as a blank,
Part 2, . ' : T, ' -
Threc rats which nad bzen drinking 10/ caramel and two rats vhich
‘had "been drinkinz 20,5 caramel vere 3iveh vater to drink for a 24 hr.
period and then given caramel for 24 hours and then water for 24 hrs..
The fecal output was collected for the last 48 hours- 24 of which the
animals were on caramel, ifter a few days this procecdure vas repeated
using the same rats, '

-

Part 3, e SN
Three rats were ziven a 103 solution made from dehydrated caramel;
{“(n\onq rat drank the rezular 107 caramel and one rat dran: the regular
© -+ 20/ caramel, The same procedure being followed as jin Part 2.

Dgta are on attached sheet. ’ T
Conclusions:

t¥hile there does occur rather wide variations in caramel utilizaticn
from day to day, the average percent of the ipzested caramel which is
utilized remaind rathsr constant throuzhout tha experiment. 1t secnms

to make no difference whether ths amount of caramzl is lar_e or small
that is inzested . Vs may conclude from these fow observations that

1t seexms that approximately one-third of the color ziving co:moonents

of the caramel may be utilized b, the elbinc rat. As concerns those
components of the ecariisl which do not acccunt for the coler we can draw
no conclusions. : : s :

/7
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h15t01001cal Lxanmina twon of Tissves

Procedure

- At the end of each section of the éxperirents on the stucy of ing estlon of
caramel by z2lbinro rats, a reorcgentatlve grovp of anirals were attopgled and slices
taken and fixed (cne in Zerker's flvid ‘and one in 103 formalin) irom each of the

following organs: liver, -spleen, kidney, stomabh, heart, lvngs, pancreas, gonads,

- dvodenum, snall 1ntcs»1ve,ana large 1nucst1ne. After flxaulon these sllces vere

sent to Dr. Walter Sheldon, pathologist at Craay nospital, for stawnlnﬂ, sectlonlng

and histological examination. .

Dr. Sheldon's repcrts w1ll be found attached to tnls rcaort.

Results- ' o _ - - - L R . i -

Dr. Sheldon's reports all shouw tnat there was no damage to any of the orcans
of these anlnals nhlch coyla be constr*ed as hav1ﬁr teen caused by the ingestion of

caranel.

¥
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WALTER H. SHELDON, M. D.
36 BUTLER STREET, 5. E. CYrress 3096

AYLANTA 3, GEORGIA

February 20, 1951

Dr. John Haldi

Physiolory Building o
Emory University o
Emory University, Georria '

Renort on r1t tissues sunmitted under your etnﬁrlnuntal accession Nos. 16,
20, 29 and 30, : '

Undor Nos. 16 and 20 the followine tissues were suomitted: Heart, lung,
splzen, rancreas, liver, slomach, various sogmenis of intestinal traot kid-

. ney, adrenal, testicls and thyroid. The szctions were Zenker's fixed and

were SLaJHQd'hluh phlozire-methylene blue, Upon histoloric study no remark-
able findings were encountered, '

Under Nos. 29 and 20 the followine tissues ware submitted: Heart, lune,
pancreas, livar, stomach, various szemenis of intestinal traet, kidrey,
adrenal, testicle and thyroid. The:-mterial was Zenker's ti.ed and the
sections were stained with nhloxine-methylene blue, Upon histolosic study

‘no remarkable findinps ware encountered,

Upon compvarison of tissues from the diffnrcnt anlmal with each other no
differences weres noted. : -
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C«. 7. VALT®R H, SHELDJ, M.D.
o ‘ - 36 Butler Street, S. E. Cypress 3096
-, Atlanta 3, Georgia

Februery 20, 1951

Dr. John Haldi
Physiology Building
Imory University

_ Emory University, Georgia

Report on rat tissues.submitted under your expefimental accession Nos. 16,
20, 29 and 30. '

Under Hos. 16 and 20 the followving tissues were submitted: Heart, lung,

- spleen, pancrees, liver, stomach,.various segmenis of intestinal tract, kid-
- ney, eadrenal, testicle and thyroid. The sections vere Zenker's fixed and

vere stained with phloxine-methylene blue. Upon histologic study no remark—
able findings were encountered.

Under Nos. 29 and 30 the following tiscues were submitted: Hdeart, lung,
pancreas, liver, stomach, various cegnents of intestinal trzct, kidney,
adrenal, testicle and thyroid. The material wns Zenker's fixed end the
sections vere stained with phloxine-mzthylene blue. Upon histologic study
no remarkable findings were encountered.

Upon comparison of tissues from the different enimsls with each other no

differences were noted.

.. 8/ Ve H. Sheldon

‘¥, H. Sheldon, M. D.

Rats Nos,.16 and 20 were given 109 caramel solution to drink ad 1libitum up to
30 cec. per dey for 130 days. Average daily consumption 22 and 27 cc., respactively;
total consumption 2990 and 3510 cec. :

Rats Nos. 29 and 30 vere given 203 caramel solution %o drink ad libitum up to
30 cc. per dey for 130 days. Average deily consumption 28 and 27 cc., respectively;
totel consumption 3640 and 3510 cc. respsctively. ’
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Fsbruary 29, 1351

-Dr. John ZGaldi

Pﬂ’SlOlOJJ Building
gmory University s : o
Enorj Un1V°P31tJ, Jeorgia . B

Report on rat tlSSUvS subw*tted under ydur acqeésion ¥os. 16,
20 29, and 30. :

Under llos, 13 and 20 the fol1oxnnf tissues vers submitted:
Heart, lung, spleen, pancreas, liver r, stemach, various sesments
of 1ntest1nal tF’Cu, ki“nev aarenal testicle and tuyroid.
Upon histolojic ~ .study no runar aole findings wvers
encountarsd., '

-

Under Ilos. 22 and 30 the following: tlssue° were subnitted:
Heart, luns, spleen, pancreas, 1LV°P stoiiach, various
seqmvnfs of intest dal tract, hidn j, adrznal, testicle and

‘thyriod. ¥Upon histolo:ic stucr ne rsmarkable findings

were encounterad,

Upon comparison of tissues from the different animals with -
eacn other no diffsresnces wers noted. -
A _

P : L - W/ H.Saeldon, . D,
WHS /v
corY

-
.

'|

Note: Animals were from Ixperiment ;271 P"elinlnarl Hos. .
16 and 20 were ziven 107 caramsl solntlcn. ¥os, 29 and 30
viere given 207 caramel solution.



- WALTER H. SHELDON, M. D.

- --i' .
‘ S."l 36 B‘UTLER STREET, S. E. CYPRESE 3006
< o ATLANTA 3, GEORGIA )
\ '\s ~ March 27, 1951

" Dr. John Haldi .

Physiology Building
Emory University

" Emory Universily, Georria

Additional report on rat tissue submitted under your expﬁrimental
accession Nos. 16, 20, 29 and 30.

" No. 16, 3 scctions of brain, 1 section of pituitary and 1 section of

striated muscle and cartilape under label of thyroid but not contain-
ing any thyroid tissue. Histologic studies reveal nothing of note.

No, 20, 3 sections of brain, 1 section of pituitary and 1 section of
thyroid., Upon histolopic study no remarkable findings are cncountered.

Mo, 29, 3 sections of brain, 1 section of striated muscle labeled thyroid
but not containing any thyroid tissue. No pituitary is submitted. Upon
histoloric study no remarkable findings are encountered.

No. 30, 2 sections of brain, 1 section of thyroid, no pituitary submitted.
Upon histologic study no remarkable findings are encounlered.

Comparison of the tissues from different animals with each other reveal

no appreciable difCcrences.

W st

-  ; o _ - o - Walter 4. sheldon, 4. D.

WHS /fw
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Dr, Jonn IHaldi . -

Physiolo y Building

drory University :
znory bn;v"rsity, dgeergia- ’

Addit*onal repert on rat tissues subaitted under your
#perimental accsssion Fes. 18, 20, 2% and 30,

-

0. 16, S secticns of orain, 1 sect ion of pituitary and.

1l section of striated nmuscle :nd csrtd la ;2 under labsl of

toyreicd but not containing any thyrecid tzssue. nistoleic -
studies reveal nothing of not : .

-

Ko. 20, 3 ssctions of drain, 1 sscticn of nituitary and
1 section of thyrcid.. Uncn alstelezic stucdy ro remarkabls
findin_s are encountared., -

on of striatzd muascle

Fo. 29, 3 sscticns ef brain, 1 sechi
lave2lsd thyreid but not coxtai1in5 any thyroid tissue. ilo
“pltuitary -s sudmitted. Upon histclosic study no remarkable

finding;s ars encountsred,

Ye. 30, 2 secticns of brain, 1 section of oQ”PC*Q no

‘2ituitary submittecd, Tnon histeleic stou ne vonar”°b1ﬂ

fantlndv are sncountersd.,

:-.

) Comoar4u on. ¢f ths tissues freoa differant animals with each
cthier ravsal no apnrecisble dlf-er nces,
. ' ' _ T IEEF'KT"” helden, . D.
VHS v o
S2Y T T

Kote: Animals vere from Ixneriment F71-Praliminary. Yos.
15 and <) were _iven 13,7 caraamel seluticn. Mos. 23 and 39
vere ,iven 2075 caranmsl soluti

r¥
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- WALTER H. SHELDON, M. D.
36 BUTLER STREET, §. E. CYPREss 3096 S

ATLANTA 3, GEFORGIA

- May 24, 1951

Dr. John Haldi
Physiology Building
Trory University

-~ Fmory University, Grorgia

Report on rat tissue subrditted under your exnnrim»ntal accession Nos.
41, 43, 45 and A7, ‘ ) o . . | -

The folloving tissuns are submitted on all four animals. Heart, lung,
spleen, stomach, smill and lurge 1nt~st1n~s, rancr-as and liver. Sec-
tions of ovary are submiti~l under the Hos. 41, 45 and A,. A seclion
of tasticle was submitted under Ho. 43. ° )

A1l secticns are stainnd with hematoxylin and n~osin. No abnormal find-
ings of- any cort could ba -letacted except as follows. The luny snction
of aninal !lo. A) showad slight subacute interstitial pnawmenitis and
som= brovn pigment laden large wonomiclear cells arn prn'nnt in the
paripheral alvecli., Th~ kidneys from the same anlma] shoved minimal
chronic interstitial nephritis. .

‘The lunz s~cticn from animal No., 45 showrd mininal recent hnnnxrhaﬂo

into Lhn alveclar swpaces The findings encountered in thecsa tuo ani-

‘mals do not dppear erthuldrly significant sinece I havae obsarved simi-

lar findings in many normal rats u&Cl;flC“i as centrols,

—-‘. o //%/{ /‘mq

| | e " Yalter I{ Sheldon, be De
AT
‘I

I'IHF;/fw ,00 C( ( d . g
. S </ {,Q;/ .76 (V%




. uay 24, 1951

- Dr. John Haldl s SRR
Physiclozy Building B o
Emory University- O T e e
Emopy University, Georgia : : I

Report on rat tissue submitted under yourexperimsntal
Accession los. 41, 43, 45, and 47. .

The followinz tissuss are subnitted on &ll four animals,

Heart, lung, snleen, stomach, snall and large intestines,

nancrvdu, and 11v=r. SGCb;Onb of ovary are subnaitted -
.under the I'os., 41, 45, and 47.. A section of testicle '
. was subnitted under Ko. 45, ‘

No abnornalfindinis of an; sort could be detezted excent
as follows, ' Ene lu“; secvion of anim2l Yo, -x1 showved

o 81lisht subacutz interstitial pneumonitis and soxe brown
(; !15 : pioMuI Jaden la ;n riononuclear cells are »resent in the
: peripherazl a‘\no71. ;he kidneys from the same aninal .

-showed 1iniinal chroni irterstitial nesnhritis,

.The lung-section from animal o, 45 shoved minimal rccent
heamorrase into the alivoolar spsces.. <The findings encountzared
in these two animals de not apjear particularly siznificant
since I have cbserved similar findings in many noriazl .
rats sacrificed as controls. '

5
S “  o © Thalter ﬁ} sﬁeidon, .h. D,
WHS/fv - R :‘-'A;*.'v.' S
3('\' " Note: These animals éar* on ; ;rim°nu #71—A. They were

ziven 10, caramcl solution for 10) days.



T stomach, intestinal tract, pancreas, liver, kidney and testicle.

EMORY UNIVERSITY

26 BUTLER STREET. S. E.

ATLANTA 3. GEORGIA

SCHOOL OF MEDICINE S o June 18, 1951

Dr. John Haldi L
Physiology Building ~
Fmory University

Emory University, Georgia

Dear John:

This is another report on rat tissies bearing your accession numbers ;
1, 2, 3 and 4. The tissue was submitted fixed in anker's and sec-— \
tions were stained with hematexylin and phloxine. The following , ‘.

orpans were represented: Under numbers 1 and 2, heart, lung, spleen,

Under numbers 3 and 4 the same organs were prescent with the follow-
ing exceptions; no splecn was submitted under number 3 and instead
of testicles, ovaries were present in both numbers 3 and 4.

The only positive findings consisted in areas of bronchopneumonia
and interstitial pneumonitis encountered in the lungs of numbers
1, 3 and 4. This process appeared to be of several days standing.

The testicles and ovaries showed evidence of good functional acti-
vity. There were no other remarkable findings.

" The above described finding of bronchopneumonia and interstitial
preunonitis, I have not infrequently encountered in otherwise per-
fectly normal untreated rats.

Sincerely yours,
I K elitom
Walter H. Sheldon, M. D.
WHS /fw _ | :

—~ — . P 4o : .
S /‘Z, /¢ i( PR ACLI ol e CAntasnl '«{ (/z_n "/,'.('.i:fd.«t J

A
4

/0 ¢ e)” "v';.v "2

f



Nos. 1, 2, 3, end 4. The followin3y cryg

June 16, 1951

¥

Dr, John ilaldi

Physiolo_y Zuildin
umovj Un;vers;tj
Zrmory University, Georgia

Q

Dear Joun:

This is another renort on’'rat tissuss bearing your accession
Sal ‘era2 reoaressnted:

Under nos. 1 and 2, aeart, lungz, solaen, tcmach, intestinal

tract, pancreas, liver, xid ney, and testicle, Undar ios.

3 and ¢ the same -orzans vere present vith the folloving

exceptions; ne splean was subaltted under lio. 3 and instead

of testicles, ovarie dresent in llos. 3 and 4,

4]
o
]
(&)

The only DOSltlve findings consistsd in arcas of bronco-
pnsunionia and interstitial »neuaonitis Jncount;r d in the
Jun3zs of ilos. 1,3, and 4. This n»rocess appsarsd to bes of

SBV“Pll days svanding. .

The tevtlcles anG ovarises snoved evid nce of "ood Iunc ional
activity. There wers no other remarlkadle Tindings, '

The above descrivsd findinz; of broncoﬁnchOpia and inter-
stitial »nsuwionitis, I have not infrcguently sncounte red
in otherwise ObrbeolJ norgal untrsated rats.

Sincerely yours,

’ Vialter ‘. Sheldon,.D,
s /ru- i - o T
COPY - LR T

Yote: These animals were fros Ixperizient #71-3, 2nd gener-
atlen test aniaals. ' '

'



WALTER H. SHELDON, M. D.
36 BUTLER STREET, S. E. CYPress 3086

* ATLANTA 3, GEORGIA

© July 17, 1951

Dr. John Haldi

Fhysiology Building
Emory University

Emory University, Georgia

. Dear John:

Here is another report on rat tissues bearing your accession numbers
21, 23, and 25. The material was submitted fixed in Zenker's and the
sections vere stained with hematoxylin-phloxine, The following organs
were represented: Under number 21 - heart, spleen, stomach, irtestinal
tract, pancreas, liver, kidney, and. testicle. Under number 23 ~ heari,
lung, spleen, slomach, intestinal traci, pancreas, liver, kidney and
ovary. Under number 25 - lung, spleen, stomach, intestinal tract,
pancreas, kidney and lesticle.

No positive findings were encountered in the material submitted.
Sincerely yours,

Walter H. Sheldon, M. D.

© WS /mh

7§

067
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- Bnory University

~spleen, stomach, intestinal tracit, pancreas, liver, kidney,
and ovary. Under no. 25- lunj, spleen, stomach, intestinal

. 067

July 17, 1951 Lol .

Dr, -John Haldi
Faiysiolozy Building

Zmory Unlvarsity, Seorgis

'Dcar John:

Here 1is another report on rat tissues bearinz your asccession
Nos. 21, 25, and 25. The followin; orsans wvara representad:
Under Yo, 215 heart, spleen, stomach; intestinaﬂtract, nancreas,
liver, kidney, and testicle., TUndesr lio. 235 heart, lung,

tract, pancreas, kidney, and testicle.

Mo positive findings vere encountered in the nmaterisl
submitted. : :

.

- Sincerely yours,

P .- Valter H Sneldon, x.D. ,
WHS fuh
' GOPY ' .

.

~.Hote: - These animals wsre froa Zxneriment #71-A and vere

given 1077 caramel solution. for 200 days.



~ EMORY UNIVERSITY
" 36 BUTLER STREET. S. E.

ATLANTA 3. GEORGIA

" $CHOOL OF Mémcms oo v S . : N August 1, 1951

Dr. John Haldi
. Physiology Building

Emory University
Emory University, Georgia

Dear John:-

Rat tissues bearing your accession numbers 1,3,5 and 7 were submitted

in Zenker's fluid and the seclions were stained with hematoxylin-phloxine,
The following organs were represented in each case: heart, lung, splzen,

stomach, intestinal iract, pancreas, liver, kidney and ovary. Only under

number 3, testicle was presentl instead of ovary.

Positive findings were areas of subacute bronchopneumonia in the lungs of
numbers 1 and 5. The pneumonic process appeared to be of several days
duration. The myocardium of numbers 1 and 5 showed minimal fragmentation
of ihe muscle fibers. : '

The ovaries and the iesticle revealed.good functional aclivity.

'Mahy thanks for sending me this ﬁaterial.

Sincerely yours,

,ﬁ@f?;iééfﬁaﬁh4

| L . Waltpf H, Sheldon, M, D,
WHS/mh o / | S

067
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August 1, 1951

- Dr, John Zaldi c e
- Physiolosy Buillding - ' o o
Emory University .

Emony Unlversity, Georszia

Dear John,
- Rat tissues bearinz your accession nos. 1, 3, 5 and 7, vere
- submitted. The folloxln ‘orgzans were representea in each
case: heart, lung, sopleen stomach intestiral tract,

vancreas, 1;ver klaney, “nd ovarJ. ‘Only under- ‘no. 3
testicle vas prcsenu instsad 01 ovary. - .

Positwvn findinzs were areas of subacute broncooneumonia

4An the lun of nos. land S5. The pneumonic process appearcd

. to be of several ¢ays duration. The’ mJocardiun of nos.l

and 5 showed minimal fragmentation of the muscle fibers.

Tbe ovaries and the t&StiClC revse aled goed functional activity. .
LanJ tnanxs for ser\aln‘r nie this materlal

Sincerely ycurs,

‘alter H. Sheldon, X.D.
WHS/mh

Cbpy

Note: - These animals were test animals from Experiment £72-x.



. WALTER H. SHELDON, M. D.
36 BUTLER STREET, §. E. CYPRess 3090

. ATLANTA 3, GEORGIA

Aupust 31, 1951

Dr. John Haldi
Physiolopy Building

 Emory University

Emory University, Georgia
Dear John:

Rat tissues bearing yoir accession numbers 1, 3, 33, 35, 37 and 39 were sub-
mitted in Zenker's fixative, The seclions were stained with hematoxylin-
phloxine. The following org'ns were represented in each case: heart, lung,
spleen, s'omach, intesiinal tract, pancreas, liver and kidney. Testicles
were present in numbers 1, 3 and 35, Ovaries were present in numbers 33, ~
37 and 39. '

Positive findinpgs were foci of subacute and chronic bronchopneumonia in

animals 1 and 35. The lungs in animals 3 and 33 showed minimal interstitial
pneumonitis,

- The testicles and ovaries revealsd a normal functional pattern,

Many thanks for sending me this material,
| Sincerely yours,
Aaltes
. Walter H. Sheldon, K. D,
WHS /mh

(V0

i L ' ( S- 1¢..C e L. 4
G LY 72 /G0 ¢ ’7 . L"'r/tl/z.(t-szz<..;-(

., ’)

Qg o 5 &0 /'(r'ff. v, ) C_/‘.M-(("L_.
Qu/// /! k,). (':((/:-ﬂ'l-n{_,Q
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. Auwgust 31, 1951

Dr. John 3aldi

Physiology Building _
Emory Univérsity .
EmoryAUniversity, Georsia
Dear John, o
Rat tissues bearing your acesssion nos, 1, 3, 33, 35, 37,

and 39 were submitted, The following organs viere represented
in each case: neart, lung, "spleen, stomach, intestinal
tract, pancreas, liver and kidney., Testicies vere present

i nos, 1, 3, and 35, "Ovaries were present in nos. 33, 37,
and 39, - : ’ : -

Positive findinzis were foci of subacute and chronic bronco-
pneuronia in animals 1 angd 35, The lunzs in animals 3 ang
35 shovied minimal interstitial Pnewnonitis, '

-The testicles ang ovaries revealed a norrmal functional
pattern, A S o -

Many thanks for sending me this material,
Sincerely yours, L

_ 'Walter-H. Sheldon, 1.D,
WHS/uh - . S o
coPY

Note; - Animals no.'yénd S vere from Lxneriment #71-A &nd
were given 107 caramél for 300 days. Rats nos. 33, 35,
37, and 39 were from Zxperiment #72-y, .

67

-
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-~ EMORY UNIVERSITY
36 BUTLER STREET. S. E.
ATLAerA 3. GEORGIA
SCHOOL OF MEDICINE | - :‘- S . October 3, 1951

" Dr. John Haldi
Physiolory Building
Emory University

£mory University, Georgi- A o . T L N

Dany Jebne

Rat tissues bearing your accession numbers 15 and 17 were submitted in
Zenker's fixative. The sections were stained with heratoxylin-chloxine,

The following organs were revresented in each case: heart, lung, sal~-,
rtemash, intestinal tract, pancreas, liver and kidney. In addition a section

‘;!.\‘of ovary was included uvnder number 17,

The only significant findine consists in a few minute foci of lymphocytic
infiltration in the kidney of number 17. I hive encountered such findings
. in normal rats. The ovary reve:led a normal patiern,

Thank you for sendinpg me this material,

o e j o o o Sincerely yours,
- S - " Ralter H. Sheldon, M. D.
' WHS /mh | |

. ~.
/ . _.(\s.- .
7 ,.,_‘/‘» ., T PO AV A Y
o f ey '
A.T ta \

‘¥
»
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Octoder 3, 1§51

Dr. John Haladi

PhYSiOIOUJ Suilding

Emory University o S _

Emory University, Georzia - o R
. . . . B o

:Dear John: | S

Rat tissues bearing your accession numbers 15 and 17 viere
submnitted. The ;ollowln orzans were represented in each
case: heary, lung, olevn stomach, intestinal tract,
“pancreas, livsr and Vlﬁna" In addition a section o¢
ovary vias included under numder 17, .
ndin; cersists in a few ninute foci

tion in thie kidney of nwuber 17, -
findinzs in norgal rats. The ovary

ern.

The only siznificant
of lymphocytic infilt
I have encountsred s
- revealed a normal »nat

Thank you for sending me this material,

Sincerely yours, : : _ -

o “Walter I, Sheldon, i.D.
WHS /mh i |
cory . S o

Hote: These aninals vere fron uxuerident 71-4 and were
given 107 cqram°l for 300 days.



_ Growtk Record (average teight)

 Test (103 Carcmel) Control (E,0)

Experiment Tl-A

. \ a, L’,lCM.‘( .l. -

Days | TI0 20 3 LD 6070 o go I3 Iiv 120 130 L0 - 150
Fale = Terd .
Tatla L-l,2 LE 87 11 183 1sLk 218 23 L& 2L 272 276 278 279 285 25k g2~
¥izle = Centrel ' | .
feble A-l,b L7 91 129 168 - 15 21§ 23k 2tk 26k 273 280 285 2€h zBe 2EE 251~
Femcle ~ Tcrt | | | | |
Tzble A-l,¢ L5 & 110 131 e 162 171 176 182 188 182 1&¢ 150 1S 196 -1%2
Ferm:le - Control , : L )
Tatle A=l,d L3 76 105 129 1bé 15 165 169 175 177 161 183 166 187 187 188
Days 5 170 100 100 e00  2Lr  2:0 230 2. end 2] 2v)  ew) &3 330
Male = Test . _ .
Terle A-l,a 292 300 36 312 0 312 31€ 321 321 319 32l 32k 318 32y 321 323
Mzle - Centrel ‘ |
Tatie £-1,b 2§52 301 371 3L 3% 306 31k 311 307 308 307 30k 25k 315 32
Fennle - Test ' | : : o
T:ile A-l,c 2™ 1oL 201 271 199 207 211 216 216 213 215 21 21§ 215 216
Femzle = Control | . B

176 1sh 158 209 153 187 202 202 203 208 276 200 203, 202

Takle A-l,d 1EB

190:

i
v



Days

Grams.

. Crams

i

Grams

Grams

-

Cfallae ;‘;1-2,3 (w.‘ L'
L« 71-B

Growih Corves

- Ters : ' '.fi .'¢. ' T o alzs

n 10 Do o 5% 6 1w g0

K8 77T 106 138 172 203 221 P3m arp
Contrel o L : __. o ¥ales

18 oL 121 e 186 218 238 250 o

" fable i=2,b
Tect . .- Fowales
73 o7 12k h ifs e 180
Centel : : B o ;- i . IR Fenales -

Lk h

N
hla)

BV 11 VS { - 1 N V.




Pelle L=2,a cmsk b
"2nd Crneralicn {Caramel)
- Pverape ¥elgld

Fx. 7)-3 T s

Days . 0 10 2n s SN Kol £n €n 70 £n

L R R —— -cren

L brems 35 62 10k - e i #m

~)
“\)
)
N
3
2

o6 .

shle A-3,b

Grams 31 62 83 112 wen LA oIre. WL 169

e

-
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1

Crouth »Reéord

Exnerirent 72-X o eble hely
periment 7 o A Tk fe= /;-it_xl.wu

o 10 20 33 b s m 7 B s 107

- Tontrol for Caranel X
Hales : o . - B '
Averege L3 € 128 175 o06 230 20 200 268 277 203 ~

Females '
Aversge k2 77 18 U2 A6 172 A7 1B 156 128 190

Test for Caramel X _
Meles _ o .
Average L3 83 12k 167 202 229 27 243 2724 202 286

Fomanles ' ' ' '
Aversge L2 78 115 138 1¢8 163 173 180 18, 188 168

20% Curarcl X _ ‘ o  Pebla AL

pwvzpe L7 7L 106 136 176 181 183 213 223

N
LS ]
N

236
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, ~ Grovth Record
Bxperiient 72 ' - --';~ ) ._' o  matle ﬁ“5<

o 1 2 33» W 5 € G 9 10

"~ VYales

_ Ce: b3~ Tew Qoxremel X
fwrage W5 €9 132 17) 230 235 236 200 273 205 293

Founles - » | S
Avorace 30 T4 106 129 143 1p 165 173 183 186 168

: Yest for Curi mel
ra .

SIS |

Averiie 1§ 91 13 173 2k 2k2 296 269 283 28L 268

Females - ‘ : - :
Average 39 75 112 136 15k 6L 177 181 190 ¢k 9L

. 209 Caromel Y - - . Table ;e

fversge 35 €1 96 1o 173 20k 22k 232 2k2 201 2Ly




Xe 71 -~ Preli:::r:ary

Daily Coramel Reacings -

. Toble Pel

12% Caramel,

205 Curamel

Pat Iice Tetsl ce Yo. Cys Lverage ¢C Rat Hoe Total cc Yc cgys AviTipo €8
per cay pexr éoy
15 295k 126 23 26 1 12y 2%
17 3302 127 26 27 340k 1R 27
18 ¥ 126 29 28 rs3 0 16 2
19 3¢ 127 " 28 29 %01 . 117 28
20 w3y 127 27 w0 oy &
Average 3300 127 27 : - 331 oz 8 : 27
Totald Averzee gite _ .
crs ner Cay o Total Avercre gms
. £rs » . per day
338 2.7 60¢ o . EJl

190’



o Averape
Daily Liquid Int:ke

‘Impcrtmcnt Tl=4
Table B-2

Vales ane Fenmales (Corbined)

Total cc Ho. Déya Averape cc

. per day
Yest - 2230 100 22
L6e3 197 el
7551 289 | 26
Control 2363 103 : 23
: haes 193 22
7107 284 25

067



: Averape
paily Ccramel Readings

Table B3

~Total cc No. Days

Average cc

per dsy
Ex. 72-x 2011 95 21
Ex. 72-y 2018 93 22

067



Food Intake Record

Experiment 72-x Tablo C~1

JO0 20 kis) 10 50 €0 Y8 & o0 100 Total
) ' . . Intoke -

oot
lslcs ' : o o
Average Oh 130 159 186 165 166 150 160 19 1k 1h79

Fenules ' - : ‘ ' : _ | - -
! > iverage g5 127 125 136 170 1f3 149 1Lk 186 163 107 ~

: Contrcl
~ Holea _ '
Average 60 132 18 166 175 YT 166 141 167 178 IRES

Fouales ' ' ) :
Average 9L 1LO 186 10 349 13 ako  13h 1D 122 13L8




. Expcfiment 72y

e

10 20 30 0o SO €0 70 80 93 100 Total
2 ' ;ntake
Test :
¥ales : . : o .
Aversge 111 147 1sh 173 176 158 187 Atk 192 186 1659 ~
Females - ' ) . '
Average -0 133 133 135 110 130 8 151 152 157 1315
Control
Haules s . . ,
Average 111 L7 ] 143 1o 169 12 173 162 168 186 1557
Fenmoles | : o ' B - )
. Avorage 92 128 132 16 143 118 1o 1sB 12 153 13&9

" Food Intake Record

067
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Rlood Averages (104 Regulor Carcorel and Controls)

Experivent 71-A Table B-1
Conditicn No. of o, L - RIC wee Fermogletin
- ' Rats Tiye on . (Millions) (Tr.cusandsa) gma, 9
on X, IXe . .
?Eﬂqs | A_
Test (10Z Pogs) 9 209 8.8 ' 1.5 18.0
Controls 8 100 . 8 T 167 17.8
Tezt (105 7ege)  § 200 9,9 13.5 17.6
Centrol 3 200 9.0 11,1 . 17.E .
( Test (10F Rege) 6 3m 9.8 12,1 170
" Contrel ‘e 300 2.9 ‘ 13.7 16.6
2nd Cen. , - o -
- Test (107 Rege) . L 107 9.1 1941 18.5
Fentles |
Tect (10%.Reg.) 7 100 9,2 - 13.8 16,0
- Centrel 8 109 8.6 13.7 _ 1763
Tect (107 Eegs) L 290 %3 - 11,8 17.0
Control 3 . em 8.9 o 95 17.1 -
Test (107 Rege) 2 300 9.1 1.5 17%.5%
Contrcl ] 2 N G0 10.h 1i.5
2ng Gen. i ‘
Test (105 Bogs) L S 0.7 1h.7 - 17.2
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Blood Averages (102 Regular Crremel and Controls)
Experiment 71-A - - o ) : S - Table E-1
Jyrobocytes Nevtroptils ' o
€nall Large Combincd Segrent ~ Band Coubined EOS Hono Daso
73 7 fio ; 10 i 1 5 1 0
€9 6 7% 7 L 21 5 1 0
70 5 % 18 8 23 2 0 0
70 s (R 17 8 25 3 0 0
~ 2 73 25 8 23 5 0 o
o9 3 72 15 9 2l H 0 0
79 1 60 11 7 10 2 0 0
71 6 77 - 1k 5 19 3 1 0
-7k 7 0o 12 L w3 1 0
€7 3 70 16 - 8 2k 6 0 0
™ 3 73 15 6 21 6 0 0
&6 5 n 18 10 28 1 0 0
73 h . 11 ik 9 23 ] o 0
.82 2 ey 10 5 15 I B 0




uo/s

- Bleod Avernges Caromels XY
10Z and 2n% + Controls

Bxporiment 72 . : x‘,. . . Table L2
Condition Ko. of . Yo. of RIC ' wBC Iemerlobin
Rats Days on (¥illicnz) (Thousands) grse %
[#}4] I“)Co L)'.c -
Tico '
Teat (207 X) 5 100 9,7 11.2 17.1
Coutrol 4 100 Geli 15,8 17.5
Test (1N5°Y) 8 A R 132 18.1
Contrel 5 100 2.8 12.h 1£,0
 Test (208 X) L 100 943 | 12.0 1640
Test (20% Y) L 19 6.5 | 9.7 . 174
Yomnico
Teat (109 ¥) 6 100 9.9 . 10,9 - 17.h
Controlt 1l 1N ‘ g.n : 12.68 17.0
Text (10Z Y) 8 100 2.8 10.1 , 16,7
Contrel 8

100 8.9 1049 17.1
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Blcod Lverzges Ciromels XeY
107 end 20% ¢ Controls

| -Ibﬁpc-ri frent 72 . : R i L | o : S Table E-2
. Lymptocytes Heutrophils ,

- Small "~ Large Combined Sepment Bund Cembined ECS Nono Baso
7 ;! 75 15 7 22 2 o0 0
A L 75 | 1l 6 20 5 0 0
72 3 s 1, 8 22 3 0 0
. ?ﬂl L 78 12 6 18 3 0 0
73 5 78 12 ks 16 6 0 0
€ . l 73 17 6 23 3 0 0
5 L 79 12 5 17 b 0 0

?15 2 - 80 11 6 17 3 0 o
k 3 7 1 7 18 3 0 0
'711 2 73 )6 8 2l 3 0 0
:
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Table fF-1

 Experiment #71-B

- "Reprcduvctivity Record to Date
P 7

To date 1€ pairs of animals, & test pairs and & control
pairs, have bLecn on the experiment for a pericd cf 20D days.

Given-bclcu are the totals of the litter records of these

"aniials.

- . Number of ~ Kumber of livvber of
~ Breeders ~ Littlers Torn Pups Eorn
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EXPERIMENT #73-X 1958

Purpoce. ‘ :
‘ _This cxnerlmcnt was. conduc»cd to detcrmino whether

or not two caramels might be considered to be toxic wvhen:

uo67

fed to rats, The caramels used were: 1) CPRCO, blend batoh
VE 1 and blend batch VE 2; 2) S-58, bateh HX 79 and batch
~ HX 80. One gallon of each of the carémcls were obtained

from Mr. . C, Gortatoﬁsky.

- . e m——— e + @ i . st e e

Procedure: - L
Twenty triplicate litter-mate groups of albino rats

vere piéccd on the experiment at weaning. The animals
were allowed to cat ”POth Pur¢na LaboraLory Chow ad
libitum and vere given 1) water ad lidbitum; 2) qu solu~
tion of CPRCO caramel and 3) 103 s-58 caramcl. Each ani-
mal was offercd 30 ml, of his respective fluid each day
and his fluid intake was recoracd
The caramels were made up in the’ follov1n" manner:

150 gm. CPRCO, blena ba tcn Vg-l 2nd 150 g blvnd batch
'VE 2 were mixed and made up to 3 liters with distilled.
water; 150 gm. S-58 batch HX79 and 150 gm. batch dk80 wvere
mixed and made up to 3 lltbrs with distilled water to give
‘& 10Z solution. These solutions werc stored under refriger-
ation:and fresh solution was givcﬁ,to the animals each day.

| The animals were weighed at ten-day intervals and
thelr food intake was rccoracd. The experiment was conduc-
ted over a lOO—day period &t the end of which %ime the raés
wefe sacrificed with an overdose of cthcr,'gross pathologi;
cal exemination made snd the following ti§$ues vere removed




for histological study: heart, lung, spleen, adrcnal,
kidney, pancreas, stomach, small and large intestine,

liver and gonads. The tissues vwere fixed in ncutral

formalin.

Resultsi= - R
The growth curves of the control ana te t anrnalu

were almoqt 1dentlca1. Net L 2in in wb;ght, food intake
nd fluid 1ntaPe are given in Table 1. _It may be noted
that the food intaPe per-gram of body weight gained was
slightly srcater in the controls than in the tests. This
. probably can'bc cxplained by the fact that the cararels
| have a certain céloric valué. It'has been shown pre-
viously (sec 1951 report on Caramel) that a portion of the
iﬁgestcd caranel is absérbcd by.the rat and this is very
probably retabolized.
. It also may be seen in Table 1 that the average
. 1nta]e of the caramels per kilo of body WG;;gz‘ﬁ;;~:;;;£er
in the femaks, 12.8 and 1l1.0 gms., than in thc males, 11.2
and 11.5 gms. Using.these values 1t may be calculated that
ét'this lcvel of intake a man of 75 kilos body weight would
.have ingested an average of over 806 grams of caramel per
day and a woman of 60 kilos gpprdkimatcly the same anmount -
cach day.. o

Therc were no abnormalities noted on gross patnolo ical
examination in any of the 60 rats on, the experiment.” Histplo—
gical examination of the tissues br 5 pontrél snimals, 5 tests

on CPRCO caramel and 5 tests on $-58 caramel werc negative

067



‘extremely high level,

..3...

as may be seen in the attached report from Dr. Walter

Sheldon. - : _ o _ L

S i . — . — -

o Conclueion

”hc rcuults of these studies indicate Lhat these

two caramels are not toxic when given.to rats at an

067

- h e ——— P
o« -
.-

.-

-

%
1
.
.
~
w—
- v e

- . d - .



.Tablell

€N ¥Yet @ain in weicht, food intalke and fluid intake of
: <Y ! - > - N ,e
: ~ albino rats on Experincnt 773-X

-

Fluid Yo. of . Avg.weizht Avg.food “Avg.fluid Avg.gm.fto/day

" Ingested animals Sex gain intelte  intake per kilo of
K ‘ . gms. - pBms. nl, body weight
Water 7 M 261 . 165 . 26 S

GPRCO 7 - oM 271 15.3 - 25 m.2

5-58 7 M 20 T 15,6 2y,  11.5

‘Water 13 P 169 a2 : -- i
CCPRCO 13 F 168 .- 128 20 . 12.8
'5-58 13 . F ATk 13.7 . 22 . BEETI

-~

- e e m— - b e e ey R
.
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‘Department of Pathology - '?fl -

 Pr. John Heldi -
.Departrient of Physiologzy

Emory Uﬂlver°1tj School of )cntl ry
215 Basic Scicnce Building % I
Atlante 22, C€orgia ‘ 3 S o T

Formalin fixed specimens bearing the identificatlion exp.
73X, # 1-15 inclusive, were subriitted and histologic
sections were prepared. From cach specimen sections
representing heart, lung, splecn, pancrcau, stomach, small
and larze intestines, liver, adren=a 1 kidnecy were
examinecd. HNumbers 1, 2, 3, 7, &, 9, 10 11 and 12 also
included sections of ovary Hunbers b, 5, 6, 13, 1L ana
15 included scctions of tcs»1010. In some animsls the
following tissues were missing: jli - liver and adrensal,
#6 - adrenal, #8 - liver, ;13 - adrcnal, #15 - stomech
and drenal.

The histolog ic scctions were stained with nemqtoyv11n~
phloxine end revealed no sivnificant alterations.
Virtually all lung sections showed occaszional minute focl
of interstitial pnecuwnonitis, a {inding which is also
quite regularly cncountnrcd in normal | uullalSo

. . Valter #. Sheldon,

- I‘IODQ
WRS:2h ' "Rats # 1,4,7,10,13 CPRCO
. 2,5,8,11,1l Controls S
3:6,9,12,15 5-58 ‘

cc: Dr. Glenville Giddings
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" CARAMEL

COLORING

production
composition

Junctionality -

By R. T. Linner
Director of Research
Sethness Products Co.
Chicago, Ili.

aramel coloring is used in bakery concentrated maple syrup or sap by

products to impart a more

colorful and attractive appear-
ance. Because of this, it has been one
of the basic ingredients in many
bakery foods since it was first de-
veloped. Although caramel color has
been available to the baker for
many years, published information
regarding the nature of the product
and its many uses is scarce. The
purpose of this article is to enlighten
those who can and should be using
caramel coloring in their bakery
products. Caramel can impart many
varying shades of color to a piece of
bakery product, ranging from a light
shade of tannish vellow all the way
to a dark brown. It can produce
eye-appealing, mouth-watering quali-
ties in bakerv foods such as breads,

cakes, muffins, rolls, buns, icings,
. ies and pastries.
- History
Caramel coloring was probably

first made accidentally in the United
States when the American Indians

dropping red hot stones into it
Caramel is obtained to some degree
whenever sugars are heated alone,
or when proteins and sugars are
heated together. Natural progress,
along with research and develop-
ment, has led to improved raw
materials, improved manufacturing
plants, and much improved processes
for producing caramel color on a
commercial basis. Because of these
facts, caramel for many years has
been a well known, safe ingredient
for use in the food industry.

Caramel coloring, sometimes called,
“burnt sugar caramel,” is described
as “the amorphous, dark brown ma-
terial resulting from the carefully
controlled heat treatment of the
foodgrade carbohydrates. Foodurade
acids, alkalis, and salts may be em-
ploved to assist caramelization in
amounts consistent with good manu-
facturing practice” A more fully
detailed description may be found
in the “Federal Register” of June 25,
1963, Page 6-198.

Raw Materials

In actual practice, caramel color-
ing is normally produced from liquid
corn sugars or corn syrups, although
cane sugar ean be used. Only high
quality sugars and syrups are used
and each shipment is carefully
checked for all properties known to
affect the final caramel that is to be
made. Some of the more important
properties of the raw materials that
must be checked, as well as their
desired ranges, are listed in Table I,

Product Control

When research develops a formula
and cooking procedure for making a
particular type of caramel. the for-
mula is proved by running many
trial batches with many variations.
Once the formula and cooking meth-
od have been proved, they are given
to production. There are many types
of caramel coloring and each type is
specifically tailored to meet the
needs of a specific use. Before,
during, and after production takes
over, the quality control laboratory
analyzes the raw materials to make
sure they are correct for praper
caramelization. It then follows the
production, making tests at inter-
mediate stages, and finally making
complete tests on the finished cara-
mel before approving it for shipment.
Caramel is shipped only after the
testing has been completed and the
caramel found to be within the re-
quired specification limits. Thus, re-
search and development, and quality
control give the laboratory a very
important role in the caramel in-
dustry. The laboratory also assists
with technical service problems and
is always ready to give aid or advice
to a customer.

Processing and Equipment

A modern caramel manufactusing
plant fully utilizes the advantages of
stainless steel equipment. The pro-
duction cookers, filters, pipelines,
pumnps, and storage tanks are all of
type 316 stainless steel to guarantee
the purity of the final product. Dur-
ing the manufacturing process, cara-
mel literally touches nothing except
stainless steel.

Recording thermometers. are used
on each production cooker to make a

TABLE |

Typical Fhysical Properties of
Sugars and Syrups Used to Make
Caramel Coloring.

pH—4.010 48

Baume - 42.0 to 46.0 ot 40°F.

Specific Gravity — 1.478 to 1.4644 at 60°F.
Per cent of Equivalent Dextrose — 70 to 90%.
Per cent Protein — 1.0% or less.

Reprinted from the April, 1965 issue of BAKERS DIGEST
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permanent record of the time-tem-
perature relationship for each batch
of caramel produced.

The liquid sugars or syrups are
filled into clean autoclaves or cookers,
and reactants are added according
to the type of caramel to be pro-
duced. The size of the cookers varies
greatly, but the smaller ones will
produce quantities of caramel in the
range of 8,000 to 10,000 pounds,
while the larger ones can produce a
batch up to 50,000 pounds. All
cookers are equipped with stainless
steel turbine type agitators or mixers.
Continuous mixing is necessary to as-
sure uniform heat transfer rates
during the cook. The cockers are
steam jacketed and the batch is
held at a constant temperature above
250° F. for several hours, until the
proper tinctorial strength is attaired,
when the batch of caramel coloring
is quickly cooled to under 175°F.
Caramel color is then pumped
through stainless ' steel pressure-leaf
filters, having a capacity of up to
40,000 pounds per hour. The caramel
color is then pumped into a stainless
steel stcrage tank, where it is held
until the laboratory has checked it
and the staff has standardized it for
filling and shipping.

The cooking process is carried out
and controlled with very great care,
‘because too little coloring value is
unlesirable from the customer’s
standpoint, but too much cooking can
“strain” the physical and chemical
properties of the caramel. The vis-
cosity and shelf life of a caramel can
be reduced tremendously unless
careful control is exercised at all
times. Other desirable properties of
the caramel can easily be destroved
if careful controls are not emploved.

Important Propertiesv

PH —The pH of baker’s caramel
is very important. pH shows the
relative acidity of the caramel. 1t is
defined as the reciprocal of the
logarithin of the hydrogen jon con-
centration. pH may be illustrated as
a series of consccutive numbers from
0 to 14, where 7 is neutral. As the
value moves from 7 towards 0, the
measure of the acidity is increased,
and as the number moves from 7
toward 14, the measure of alkalinity
increases. As pH is a logarithmic
scale, a pH wvalue of any given
number represents ten times as much
acidity as a pH of one whole number
higher. In the opposite direction,
any given pH represents ten times
as much alkalinity as a pH of one
whole number lower. Much care
must be exercised in producing the
correct pIf value in the final caramel
coloring. A water solution of a quality

R. T. Linner

liquid baker’s caramel should have a
pH of approximately 4.0 plus or
minus 0.7. This will ft it into the
range of the normal fermentation pH
of bakery goods.

Density or Weight Per Gallon —
Baker’s caramels may vary in density
from 33.0 to 40.0 Baumé. The rela-
tionships between pounds per gallon
and Baumé are given in Table 11,

Color Strength — Even though the
cost of any caramel coloring in a
finished product is very small, the
amount of actual coloring does vary
quite considerably. Because of this,
the color value or tinctorial strength
is important to the user. Even so, it is
not easy for the average user to
determine the caramel color strength.
The user therefore must either: (1)
send the sample out to a testing lab-
oratory; (2) buy equipment to make
the tests himself; or (3) take the
word of, and buy from, a reliable
caramel manufacturer. Two common
systems for testing color strength are
used, namely the Klett and the
Klett-Summerson instruments. They
both use glass color standards to
which a solution of caramel is
matched. The Klett system uses a
standard caramel glass. A one per
cent solution of caramel is placed in
a cup and is matched against the
known glass standard. The Klett cup,
containing the unknown caramel
solution, is raised or lowered to pre-
sent a longer or shorter path of light

TABLE 1l

BAUME LBS. PER GALLON @ 60°F.
33.0 10.79

34.0 10.90

35.0 10.99

38.0 11.09

37.0 © .20

38.0 130

39.0 1.4

40.0 11.52

“transmitted

through the solution from the light
source. The length of the light path
is adjusted by raising or lowering
the Klett cup to balance the color
of the standard glass. The reading
is made on a drum or wheel, and is
called the Klett Color value or read-
ing. The smaller the length of the
light path, the greater the strength
of the caramel, or as the Klett num-
bers decrease, the stronger the cara-
mel. In the other system, the
Klett-Summerson Colorimeter, a solu-
tion of caramel is placed in a special
tube and the light transmitted
through the solution is balanced
against the light transmitted through
replaceable standard glasses. Stand-
ard glasses of different maximum
millimicron transmission can be used.
A photocell picks up the light trans-
mitted through the unknown caramel
solution, and moves the indicator

according to the color transmitted. .

A variable wheel then is adjusted by
the operator to balance the light
transmitted through the unknown
caramel solution against the light
through the standard
glass used. When the balancing is
finished, the Xlett-Summerson color
reading or value of the unknown is
read off of the dial. With this in-
strument, the larger the number, the
stronger the caramel solution.

Caramel Spectrum — A very inter-
esting sidelight on caramel coloring
is that an analysis of its color spectrum
shows its composition to be about 70
per cent red, 25 per cent vellow,
and five per cent blue. If certified
colors are used in trials to duplicate
the color of caramel, it secems that
about 60 per cent vellow, 35 per
cent red, and five per cent blue are

required. This difference scems to -

indicate that “caramel red” is much
less intense than “certificd red.” Be-
causc of this, more vellow is needed
to tone down the intensity of the red

(L
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into the yellow-orange range to make
a synthetic “color "that will match
- caramel coloring.

On a spectrophotometer, the best
wavelength at which to measure
caramel coloring is between 560 and
650 millimicrons. In this range, par-
ticularly at 560 millimicrons, the best
correlation and reproducibility are
found. By calculation of wavelengths
and percentages, though, the meas-
urement should be made at a wave-
length of 650 millimicrons. These
facts merely indicate that caramel
coloring does not form a true solution,
and does not follow Beer’s Law,®
but instead is a colloidal solution.

Shelf Life — After the caramel is
manufactured, it is stored in stainless
steel tanks or packaged in specially
developed plastic lined steel drums.
The linings are approved food-grade
linings. Caramelization, which ends
in large molecular sizes polymers,
continues after the manufacturing
process is finished, although the reac-
tion rate is very slow at room tem-
peratures. After prolonged storage
under adverse conditions, caramel
color can resinify into an amorphous,
irreversible gel, which is not usable.
Since the reaction rate varies directly
with the temperature, it is wise for
the user to avoid storing caramel
in an abnormally warm location. High

¢ Mquality caramel colors can be stored

a year or longer at room tempera-
ture without adverse effects. A good
policy to follow by the baker is to
use his oldest stocks of caramel first,
and not store caramel at tempera-
tures above normal room tempera-
tures.

Viscosity — The viscosity of caramel
coloring is normally measured in
terms of centipoises at 80° F. The
Brookfield Viscosimeter is a conven-
jent instrument for making these
viscosity determinations. Viscosity is
important to the baker, because low
viscosity and high fluidity make it
easier for the baker to handle and
use caramel in his products. -

Baker’s caramels — Caramel is used
to give a uniform shade that is
darker than the baker could obtain
in his goods economically without the
use of small amounts of caramel
coloring. Caramel for baking uses
must have great coloring strength,
must be free-flowing to be easily
-used, and generally should be taste-
less in the final product unless the
baker desires otherwise. Viscosity

r\pr thickness should not be confused
. with coloring strength. In most in-

*An equation that relates light trans-
mittance at given wavelencths to con-
centrations and length of light paths
through the solutions.

Table HI-

Black Bread

Sponge Lbs. Ounces
Clear flour 9 -
" Rye flour 45 -
Woater 45 -
Yeast 1 4
Caramel 1 14
Emulsifier - 12

Dough
Clear flour 91 -
Water 45 -
Shortening 2 4
Salt 2 4
Corn Sugar g 12
Molasses - 12
Granuloted caraway 1 8
Snack Rye

Sponge Lbs. Ounces
Clear flour 50 -
Water 30 -
Yeast - 14
Yeast food -— 2
Caramel - 12

Dough
Clear flour 20 -
Rye flour 30 -
Water 36 -
Salt ] —_
Shortening - 10
Sugar — é
Rye saver 1 12
Caraway seed 6 8
Pretzel salt [ 8
Mold inhibitor 1 —_
Soft Dark Rye Bun

Lbs. Ounces
Soft Roll Dough 100 -
Caramel 5 2
Rye saver 2 9
Ground caraway 2 9

Devil’s food Cake

Yo make 100 one-pound cokes.
ths. Ounces

Coke flour 16
Shortening, emulsifier type n
Solt -—
Sugar 22
Molasses
Caromel

Cocoa
Cottanseed color
Baking soda
Baking powder
Water

Dry Milk

SRR
~ » ~

then add

Water
Whole Eag
Egg White
Vanilla

{oow
Aonm |
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stances, free-flowing, low viscosity
caramels are much stronger than the
viscous grades. The fluid quality of
caramel as used in the baking trade,
therefore,- is very important. This
factor facilitates its solution in water
and its equal dispersion in doughs.
This is 2 must to guarantee a uniform
shade in the finished product of
breads, cookies, crackers, cakes, or
other baked foods. The very slight
flavor. of caramel is due mainly to
the natural “caramel” flavor derived
from the raw material used, and to
its natural slight acidity. But caramel
imparts very little, if any, flavor to
the bakery products in which it is
used because the quantity used is
normally quite small.

There are many grades of baker’s
caramel coloring. Some are manu-
factured to sell at a very low price,
while some are manufactured for the

buyer who discriminates on all of his .

raw materials. Obviously, cheap
grades of caramel are not refined or
processed as carefully as the better
quality grades.

Basic Types of Caramels

A select grade of caramel is one
that is tailor-made for the baking
trade. It has a color strength value
of 11.6 to 12.1 on the Xlett Colori-
meter, read as a one per cent solu-
tion. It has a pH of 3.6, plus or
minus 0.3, 2 Baumé of 35.0, and a
viscosity of 300 cps, plus or minus
100 cps at 80° F. 1t is approximately
65 per cent solids.

Caramel coloring can impart many
varying shades of color to a piece of
bakery product, from a light shade
of tannish vellow all the way to a
very dark brown. Caramel coloring
can be used in any bakery product
where a certain shade of coior with-
in the caramel spectrum is desired

-in the finished goods. One of the

reasons caramel is so widely used in
the baking field is because it can
create such a wide range of colors.
Caramel coloring, unlike certified
color, adds mecasurable bulk to the
mix. Since caramel coloring contains
about 65 per cent solids, when the
baker uses 10 pounds of caramel in
his bread dough mix, he is adding
six and one-half pounds to his total
yield. Thus, the cost of using liquid
caramel coloring is almost self-liqui-
dating, as the cost of the caramel
is returned to the baker when he
sells his product.

Since liquid caramel contains ap-
proximately 35 per cent moisture,
it may be troublesome to the baker
in some mixes where he cannot toler-
ate this much moisture. The baker
can eliminate moisture from the



caramel we have been discussing,
but the moisture has been removed
by drying. Only about half as much
powdered caramel is required in a
mix to give the same shade. Al-
though the use of powdered caramel

has many obvious advantages, the.

main disadvantage is a considerably
higher cost. The baker will have to
decide on the type of caramel color
to use according to his own needs
or particular problems. Powdered
baker’s caramel has a color strength
of 5.5 to 6.5 on a Klett Colorimeter
when read as a one per cent solu-
tion.

Basic Product Formulae

The formulae in Table 11l are not
offered necessarily as good formulae,
but are given merely to give some
indication of the quantity and man-
ner 'in which caramel is used in

I 7

colored bakery products. The amount
of color desired in any given product
is a matter of personal taste, so it is
recommended that the baker experi-
ment to determine the exact color
level he wants to achieve in a given
product.

The following are some suggestions
regarding the usage of caramel color-
ing in bread. Again, we would caution
that the baker determine his own
level of usage for caramel color to
obtain the shade he wants.

(1) In dark type diet breads, use
carame] up to one per cent or
slightly higher for additional or
for more uniform color.

(2) In the so-called black vari-
eties of bread, use up to five
per cent caramel, depending
upon the color desired.

In straight dough, the caramel
is added with the other in-

094
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gredients. In the sponge-dough
method, the caramel may be
added’ to either the sponge or
the dough after the water has
been added. Actually, it may
be easier to add it on the
sponge side where the shorten-
ing is not involved.

Packaging

Caramel coloring is packaged in
the following size containers: five gal-
lon steel pails; 30 gallon steel drums;
and 56 gallon steel drums. This com-
plete linc of steel drums is equipped
with specially designed sanitary lin-
ings for the protection of the product.
Modern rail tank-
cars and tank
trucks are also
available for larger
shipments.

THE EN



112

. . R . . D e

National Formulary X!il //47 D) . Monographs—133

.
— e me——

- Caramel

Caramel is a concentrated solution of the product oltained by
‘heating sugar er glucose until the sweet taste is destroved and a
uniform dark brown mass results, a small amount of alkali,
alkaline carbonate, or a trace of mineral acid being added while

heating. »
Descr_iption——_Cnmmel is a th_icl\_', dark Speciﬁc_ gravity, page 866—The specilic
brown liguid with the characteristic odor gravity of Caramel is not less than 1.30.
of burnt sugar, and a pleasant, bitter taste. Purity—The addition of 0.3 ml. of phos-

One part of Caramel dissolved in 1000 phoric acid to 20 ml of a solution of
parts of water yields a clear solution hav- Caramel (1 in 20) produces no precipi-
mg a distinct vellowish orange ecolor.  The tate.
color of this solution is not chauged and no Ash—Caramel swells when incinerated,
precipitate is formed after exposure to  and forms a coke-like charcoal which burnsy
sunlight for 6 hours.  Caramel spread ina  off only after prolonged heating at a high
thin Iayer on a gluss plate appears homoge-  temperature. It yields not more than 8
veous, reddish brown, aud transparent. percent of ash.

Solubility—Caramel is misecible with Packaging and storage—Preserve Cara-
water and is soluble in dilute alcohol up to melin tight containers.
53 percent (v/v). Tt is immiscible with .
ether, chloruform, acetune, beuzene, and
sulvent hexane. Carecory—Color.
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Toxfj\/cowm' AND APPLIED PHARMACOLOGY 14/ 301-307 (1969)

Toxicity of Meth);limidazoles

“ K. NisHiE. A. C. Waiss, Jr., axn A. C. KEyL

Western Regional Research Laboratory, Agricultural Research Service,
U.S. Department of Agriculture, Albuny, Californiu 94710'

Received June 26, 1954

Toxicity of Methy limidazoles. Nistie, K., Warss. A, C.. Ju, and K1yt
A. C.(1969). Toxicul. Appl. Pharmacel. 14, 301 -307. Toxic manifestations of
ammoniated invert molasses in cattle can be simulated in laboratory
animals such as rabbits, mice and day-old chicks by administering 4-
melh)hmldazolc (3-me-i). This compound which results from the inter-
action of reducing sugars with ammonia, has previously bren hsolated
from ammoniated invert molasses in addition 10 other compounds such
as pyrazine derivatives. The mouse seems to be the most practical aninul
for testing the neurologxcal signs producea by 4-me-l. The con ulsnc
death produced by d-me-l in tie rubbit is characterized by the typical
epileptiform EEG thigh voitage. high fraquency) concomitant with c omc
and tonic seizures followed by tonic extensor seizure (high voltage. Jow
frequency peaks) and terminal respiratory paralysis. This fatal course can
be presented by pentobarbital sodium and chlordiazepoxide. [D.phenyi-
hydantoin did not protect mice against 4-me-1 seizures and deatr. in con-
trast to phonobarbital sodium and chlordiazepoxide. 4-Mcethyhmiduzele
had approximately one-fourth the comvulsant potency of pentylene-
tetrazole. Imidazole. I-methyvlimidazoele. and 2-meth:yiimidazole produced
neurologic effects in mice similar to those caused by 4-me-J. but they were
less poient as convulsants. The spontaneous motor activity of mice treated
with 4-me-1 was reduced to about 30", during the period preceding the
seizures. In rabbits, 4-me-1 decreased neart rate as much as 337 below the
control and increased the respiratory rate to three times the control vaiue

. during :he period preceding the comulsions.

the past. the smmoniation of carbohy drate-contuining materials such us Moiasses,
.and citrus pulp was used to produce inexpensive nitregen fead for catthe (NLilar,
_Stiles. 1932 Wiggins and Wise, 1953 Wiggins, 1930 and it apprared o b L
~.5ing source of mirogen for animals (K nodt o Wl 1930, 193] \1 ereder o .
1953: Magruder. 19330 Midlar, 19250 Howevero veclent Thasierin” s imdaved
ma animals receiving this fevd (Wigzine, 195640 Burtivnt anld B.'w.r', ALY
)
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"~ oper the investigation on the toxicity of some of the compounds formed by interacti

‘Jetection of similar materials of unknown composition which might result from :

115

pomace and for the detoxification of mycotoxin-contaminated oil seed meals. In vic
of the current inierest in the safety of ammoniated commodities. it was decided to ¢

of ammonia with reducing sugars. The objzctive is 10 characterize the neurclogi
s1g2s in order 1o provide a rationale for treatment and 10 find biological assays for

ammon:ation of diverse agricultural commodities.

METHODS S L
Ma'e zibine mice weighing 20-23 g were used to determine: (a) the median cor
53t dos2 (CD3) and the median lethal dose (LD30) of the imidazoles. (b) the me.
rotective dose (PD30) of anticonvulsants against the 907, comvulsant dose o

‘methylimidazole (4-me-I1. () the effects of 4-me-I on spontanzous motor act:

(SMA: A Woodard animal activity cage with 6 photocells and circular racewa

uszd 1o measure SMA. Cumulative counts were recorded for individual mice {10 m.
dos2s 1 1-. 5-. 10-. and 15-min intersals after either saline (control) or 4-me-1 had t«
administered ip. Values for CD30. LD30. and PD30 were determined using the i
prokiz method of Miller and Tainter (194 using 10 mice per dose and at least 30 m;
for czch determination. The effects of 3-me-1 on electroencephalogram (EEG) we
determined ir rabbits weighing 2.3-3 kg. employing chronic screw electrodes it

planted in the skull. The electrodes were made of threadzd nylon screws (1 8 in

diameier. 2 4 to 1 4 inch longy with a stainless steel pin (1 32 inch) inserted in t -
center and protruding from the head of the screw. These electrodes were connect
to & Beckman Type R. Dynograph by means of flexible stundard EEG wire to whiclk
silver coil was soldered. This silver coil had an inside diameter of | 32 inch and fitt
snugly over the pin protruding from-the nylon screw electrodes. For EEG electro
implantation. rabbits were anesthetized with pentobarbital sodium administered -
The distance between electrodes was determined by using one-half of the distan
between the transverse sutures of the skull and 7-10 mm from the midline. Six ho
I %inch in diameter and 2.5-3 mm deep were drilled for the 3 pairs of EEG electroc
(F. P.0O: see tig. 1). The wound healed in about 1 week. and the rabbits were th-
reads tor use. One channel of the EEG was integrated for quantitation of EEG outp
hefore and after the administration of 3-me-1. The effect of 4-me-I on respiration w
recorded by placing a rubber pneumotachograph around the thoracoabdomir’
region of the rubbit und attaching it to a pressure transducer connected to the Bec
man Dinograph recorder. The electrocardiogram (ECG) was recorded by locati
ane ECG clectrode on the right.shoulder and the other on the right hind quarter of
rubbit atter shaving and cleaning these arcas. The EEG. ECG. and respiration we
recorded simultancoashy. The anticonvulsant effects of chlordiazepoxide and pen-
harbital sodinm were tested by iy injection at the onset of 4-me- scizures in the rabt
as enidenced by restlessness. hyperpnei, and twitching of the ears.

The CDSO and LDSO of 3-me-1 were abso determined in 1-day-old chicks tma
wsing i total of 60 chicks for both ip and po routes of administration. All compow
wsed 0 this work were purchised from commercial sources with the exception’
J-me-f which was synthesized.
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RESULTS

nenlsant Action of Imidazole and Methvlimiduzoles

{midazole. i-methylimidazole. 2-methylimidazole. and d-methylimidazole (4-me-t)
sduced convulsions in mice. The 4-me-1 {found in the toxic ammoniated molisses)
s the most potent convulsant of the imidazoles tested. although it wus oaly one-
wth as effective as the standard convulsant, pentylenetetrazole {Table 1). At high

“TABLE 1

NVULSANT AND LETHAL EFFECTS OF IMIDAZOLES, PENTYLENETETRAZOLL, AND PYRAZINE
18 Mice
pH, CDS50 - SE (mg kg) LD30 - SE tmg kg)
1I5Smgm! - B - -
Compound in H,O ip po ip . po N

ntylenctetrazole 7.8 385+ 34 75+ 52 134 7.4 204 155
viethylimidazole . 82 155 = 5 360+ 18 165 - 3 370 = 13
‘4-me-1)
Methylimidazole 9.2 380 = 8.2 1400::79 380+ 8.2 1400 7Y
Methylimidazole 10.2 500 =12 1300 =70 480 - 18 1400 - 114 .
dazole 9.8 560 =34 1880 =45 6t0 = 7.4 1880 - 45 ~
razine 6.8 Not convulsant - 2000 - 2000 :

TABLE 2

ANTICONVULSANTS AGAINST 4-METHYLIMIDAZOLE” SF1ZURES IN MICE

- Pretreatment time

Anticonvulsants PD5O0 - SE, ip of anticonvulsants Number of

(doses tested, mg;kg) (mg/kg) (min) animals used
Aordiazepoxide (3,5, 7) 47404 20 30
enobarbital sodium (5, 6, 8, 10) 7 05 60 40
ni-cnylhydantoin sodium inactive at 120 10

50 mg/kg
- mg’kg ip (CD90).
TABLE 3

EffECTS OF 4-METHYLIMIDAZOLE ON SPONTANLOUS. MOTOR ACTIVITY OF MICE

Cumulatise.counts : SE

i Dose,ip  ° 1 min S min 10 min 15 min
Gt control 67 + 17 241 + 68 409 = 117 554 . 152
vir + hg 4-me-1 53+ 29 158 + 74 193 = 78 235 - 152
N g kg 4-me-l 49 129 138 : 81 176 + 93 201 ¢ 93
0 ...p¢ kg 4-me-1 30217 93 : 31 151 44 154 - 52

* 7 .0 convulsed, 6 10 dicd.
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h of the imidazcies tested produced varving degrees of tremor. restisy
s.z:0r1hea. opisihotonus, Straudb taii. and toric extensor seizure 1eow
heress al jower Goses loss of balance was the common finding. 15
zoueaus solouons of the convulsant methylimidazelss and pentylenetetraze’

: 18t ‘ r respzoiive CDS0values., an inverse linear relationship is obta.-

higher ;H values corresponded to lower values of CDS0 (Table 1). Cor
7¢ 2130 produeced in rabbits and day-old chicks (Tables 4 and 51 Base |

TABLE 4 ’
ANTISONS LESaNTS AGATNST LMETHEYLIMIDAZOLE SEIZURES IN RaB3ITS
2ol ’ Convulsion Time of 3¢
e .o.g Anticonvaisantst and death {mim:
80N 0 02 —
et [ 4 263-323
T 0 12 Overnigh:
PR o 23 18100
) o 1 mg ke pentobarbite] sodium 0.3 —_
150 NIhmg ik e pewxo‘aa"‘vtax sodium 01 —_
B i\ el soedium 01 —
155 B ny wa,-zep«:\.c‘: 04 —_
LA NS S N efer seizures saried.
TABLE ¢
Toxiommy oF N5 7HY LIMIDAZOLE IN Day-Ord LesHorRN CHICKS
CD0 = SE 1 D0 - SE -
Roaute of admimisrzion tmg Lm mg kz-
Hal !T-ﬁ =19 0 if
T 50 =30 90 =50
Cpio ¢ decreasing ﬂ'der of sensitivity to 4-me-I for the 3 spacies is: rabt

T I 2 Y J Tovic manifestations in the rabbit were similar (0 those appeari:

- et

27 oTmiE In loRic exiensor seizure characterized by abrupt paralvsis of re~plram
Lrimissand graduai cardrac arrest(Fig. 1y In the rabbit. just prior to the comvulsi
: 7t rate devreased in the order of 337, below control. while the respir
~2d o thres times normal vaees, ’

I oo cuneold chiche, doses of 100 mg kg ap of s-me-I caused treriors, peeping. a:
s i of the wings: Coses greater than 130 me kg ip caused. in addition. opisth
rernrg aganst e cuge wall with spread wings. prostration with clonic |
neoeme tooand terminal conic eatenser seizures. - Chicks surnviving the comvalsi
w / wecay prone on the cage Moor snehle 10 regain footing. Oral doses grzater th
g g produced dicrrhen in addition to the convubsions, und although the onset
wier '.:.Z-'-'r.~ was dose related. there was much greater variation than seen when t
ompound wis administersd 2y p route.
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FiG. 1. Convulsive and lethal effect of ip 150 mg kg 4-me-1in rabbit.

%ects of Anticonvulsants against 4-M ethylimidazole Seizures

In mice, chlordiazepoxide and phenobarbital were effective in preventing 4-me-{
zures, while diphenylhydantoin at 50 mg’kg ip was ineffective (Table 2). 1n rabbits, ~
lordinzepoxide and pentobarbital sodium given iv at the onset of convulsions pro-
ced by a lethal dose of 4-mg-I prevented the epileptitorin seizures and death (Fig. 2).
addition, the lowered cardiac rate returned to normal. Pentobarbital sodium abo-
hed the hyperpnea caused by 4-me-1. If high doses (20--30 mg kg iv) of pentobarbital
e administered to convulsing rabbits, nystagmus and hecad drop were produced.
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'Fl(» 2 rotective effect of chlardiazepovide (Librium) and pentobarbital sodium against cons ulsive
dizure und death caused by ip 150 mg kg 4-me-lin the rabbit. :
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The lowest cffective doses of anticonvulsants tested against convulsant dose of 4-me-
(150 mg kg) in rabbits were 10 mg'kg of pentobarbital sodium iv and 30 mg kg
chlordiazepoxide, the latter produced neither nystagmus nor head drop.

Effects of 4-Methylimidazole on Spontaneous Motor Activity in the Mouse
Subconvulsant (50-100 mg'kg ip) and convulsant (150 mg/kg ip) doses of ¢ .

N

decreased spontancous motor activity in mice to about 50% of the control acti-
IS min (Table 3), which corresponds to the preconvulsive period.

:

DISCUSSION

The compound 3-me-1, synthesized in this laboratory, produced neurologicc
in rabbits. mice. and chickens analogous to those described by Wiggins (195¢
Bartlett and Broster (1958) in cattle and chicks fed with ammoniated invert mu
or its cthyl acetate extract. These authors described such signs as violent “hyst
restlessness. bellowing. frothing at the mouth. paralysis of cattle, and madn.
chickens. The ammoniated molasses residue following ethyl acetate extraction. ..
not toxic in contrast to its extract. Low molecular weight pyrazine and imidueao
derivatives were identified in the extract by Wiggins (1956a) and were suspected as t!
toxic factors. However, he did not test these derivatives separately for toxicity. Ti
neurological similarities between signs described in this work in various laborato:
animals subjected to 4-me-1 and those evoked in cattle fed with ammoniated produc
suggest very strongly that 4-me-1 is partly responsible for the toxicity. since it was o
of the compounds tound in the toxic extract. Our toxicologic findings on 4-me
confirmed previous work (Leiter, 1925; Loeper er al., 1935 Supniewski, 1928, Yam
moto. 1941) on this compound. Pyvrazine-derivatives werg not tested due to their u
availability and cannot be excluded. Pyrazine itself was neither toxic nor lethal at a
e kg dose in mice.

Pentobarbital sodium and chlordiazepoxide prevented convulsive seizures in mi
evoked by 4-me-1. whereus diphenylhydantoin increased the clonic leg movements
mice and did not protect them against death. In this respect. the 4-me-1 seizures 1
semble those produced by pentylenetetrazole, in which diphenythydantoin may i
crease clonic seizures (Goodman er al.. 1933). In rabbits. pentobarbital sodium @
chlordiazepoxide proved effective in preventing seizures and death caused by J-me-{
administered in time. These two agents may be considered as antidotes of the neur
logical signs induced by 4-me-1. The depressing etfect of 4-me-1 on spontaneous mot
activity of mice and the heart rate of rabbits found in this work. and the reported i
crease in peristaltic movements of intestines and the lowering of blood pressure
J-me-1 (Supnicwski. 1928 Yamamoto. 1941) indicate that the restlessness and
detined “hysteria™ are not of sympathomimetic nature. These symptoms described
cattle intonicated with ammoniated products are more closely related to convulsa
drugs in sublethal doses.

By comparing the sensitivities of day-old chicks. mice. and rabbits to 4-me-L ite
be concluded that mice are best suited tor tesung the ammoniated agricubiural t
products which might contain 4-me-1. This is due to therr low weight which regu
less test material, therr availability and theirsensitivity to 4-me-land other com ulsant

115
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Pharmacology of Alkyl and Hydroxyalkylpyrazines. NISHIE, K., Waiss,
‘A. C.. Jr.. and Kevt, A. C. {1970), Toxicol. Appl. Pharmacol. 17, 244-249,
The following by-products formed in the ammoniation of glucose were
studied pharmacologically : pyrazine: 2-methylpyrazine; 2-hydroxymethyl-
pyrazine; 2,3-dimethylpyrazine; 2.5-dimethylpyrazine; 2,6-dimethyl-
pyrazine; 2-hydroxy-5-methylpyrazine; 2.methyl-5-arabotetrahydroxy-
butylpyrazine; 2-mcthyl-6—arabotclrahydroxybutylpyrazine; 4(5)-methyl-
imidazole (4-me-1); 4-hydroxymethylimidazole; and 4-arabotetrahydroxy-
butylimidazole. Of these and other by-products, only 4-me-I had convulsant
activity and the ability to induce in laboratory animals the signs observed in
cattle fed toxic ammoniated molasses. Other derivatives of imidazole (hy-
droxymethyl and arabotetrahvdroxybutyl) were pharmacologically inactive
at a dose of 2 ¢ kg in mice. With the exception of 4-me-1, all compounds in
this series were relatively nontoxic. Mono- and dimethylpyrazines showed
weak central nervous depressant activity {hypnotic and anticonvulsant). 2,3-
Dimethylpyrazine was the most potent in this regard, but had only approxi-
mately 113 of the hypnatic activity of phenobarbital sodium and 1/21 of the
anticonvulsant potency of phenobarbital against 4-me-1-induced seizures.
Pyrazines with either OH, CH,;0OH or —(CHOH);—CH,OH substituents
were inactive as hypnotics and anticonvulsants and, in addition, were
relatively nontoxic.

In a previous paper (Nishie et al., 1969). the toxicology of the convulsant compound
4-methylimidazole was reported. and it was considered a possible etiological factorin
the development of the neurological syndrome suffered by cattle fed toxic ammoniated
molasses. The precise role of J-methylimidazole. however. was obscured by the fact tha
in addition to 4-methylimidazole. a series of pharmacologically unclassified methi
hydroxymethyl. dimethyl, arabotetrahvdroxybutyl imidazoles and pyrazines wen
present in the ammoniated product. Some of these rare imidazole and pyrazine deri-
tives have been synthesized recently, and this has permitted the continuation of the
current toxicologic study of by-products formed by the interaction of ammonia witk
reducing sugars.

METHODS

Male albino mice weighing 18-25 g were used to determine the anticonvulsant .ctiviy
of the alkyvipyrazines by measuring their ability to prevent: (a) the tonic exten: com-
ponent of maximal clectroshock (MES) (Swinvard e al.. 1952), {bj convulsions  tucec
by 100 mg kg. sc. pentylene tetrazole (Met) ({Toman er al., 1952). and (c) cor Stors
induced by 200 mg kg, ip. of d-methylimidazole (4-me-1). The apparatus us¢ - - pre-

244

——
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.cether - ired electroshock current (50 mA) through corneal electrodes was a minor
Lodtion - -hat described by Woodbury and Davenport (1952). All circuit parameters
snuine¢ . <changed with the exception of the timing circuit which was replaced by a
Gow Insi cment Co.! S-4 stimulator in order to provide a 24-V pulse of 200 msec
-yation tw the relay which activates the primary of the high voltage transformer. The
s of alkylpyrazines required to protect.309; of the mice against MES (MES ED30),
-cm)lcnc(ctrazole (Mct ED30), and 4-me-1 (4-me-1 ED50) were determined by treating
* woups of 10 mice with graded doses of alkylpyrazines before MES. Mect. or 4-me-1
_sdlenge and using, for purposes of computation of ED50 values, the log probit method
“Afiller and Tainter (1944). The hypnotic effect of alkylpyrazines was determined by
.a¢ 3 groups of 10 mice subjected to graded doses of test compound in order to pro-
..¢aloss of righting reflex (=1 min) in 50, of the animals (HD30). The cffect of 2,3-
:methylpyrazine on the electroencephalogram (EEG) was tested using rabbits im-
- unted with chronic EEG electrodes by the method previously described (Nishie et al..
“#9). The LD50 values of the pyrazine and imidazole derivatives were determined

- .ng 3 groups of 10 mice given graded doses of test compound. and observation for a

aeck period. All alkylpyrazines were dissolved in saline prior to administration and
* eroute of administration in all cases was ip. ’

RESULTS

|'hc majority of the compounds formed during the ammoniation of glucose are listed
2 Table 1, and their pharmacologic data are summarized in Table 2. Phenobarbital was
“Jduded as a reference compound for purpose of comparison. It is evident that these
- mpounds, with the exception of 4-me-1 are relatively nontoxic. 4-Me-1 was the only
“*mpound possessing convulsant activity. whereas other derivatives of imidazole with
“ther hydroxymethyl or arabolctrahydrbxybutyl‘substitucnts were neither convulsant
.. lethal at a 2 g/kg dose, and did not produce any untoward visible effects in mice
*inga L-week period of observation.

f
Lopnotic i*-operties of the Alkylpyrazines
“_\!‘l““' . pyrazine itself was not hypnotic (2 g/kg). its mono and dimethy! derivatives
W hypnotic; 2 3-dimethylpyrazine was the most potent compound in this
sret ghithad only about 1/13 of the activity of the phenobarbital sodium. The
""“‘: ‘ 30/HD50 of the alkylpyrazines varied from 2500 1.3: 2.3-.dimclh_\‘lp.\'ruzinc
e safety margin with a ratio of 2.5, and 2 6-dimethy ipyrazing had the fowest
ke i with a ratio of 1.3. The phenobarbital ratio was 2.9. A limited number
{":':}‘_"“‘=‘f‘l_1ls using rabbits showed that iv administered 2,3-dimcll\)'lp_\.'ra}zil.tc
b wed UEG changes similar to those observed with barbiturates, the chief dif-
:"ﬁfﬁ“"\‘fbiSting .of a short duration of sleep at .rclufi\'cly.high doses (200 mg kg) of
"’S’\(in:ill:' Ipyrazine probably due to r.':lpfd chm:!mnon of .lhc co_mpound lh.rou.gh lhc"
o ited by the strong characteristic odor in the expired air). The derivatives of
o ":E':ch and imidazole \\'ill.\ h)‘f.irox)'. l.xydruxym_cthyl ot urubglclruhydroxybutyl
et groups were devoid of hypnotic and anticonvulsant actions (Table 2).

*Referenc
B uc:;:.“”: to a company or product name does not imply approval or recommendation of the
¥ the U.S, Department of Agriculture to the exclusion of others that may be suitable,

1116



CoMpounDs FORMED DURING AMMONIATION OF GLUCOSE

TABLE 1

AND TESTED FOR NEUROPHARMACOLOGIC AcCTIVITY

TAIN ANV ‘SSIVAN “HIHSIN

No. Compound MW R2 R3 RS R6
! Pyrazine 80 H H H H
. R3. _N.__R5
3 2-Mcthylpyrazne I I 94 CH; H H H
3 2-Hydroxymclhylpyrz\zine R2 \N R6 110 CH,OH H H H
4 2.3.Dimethylpyrazine 108 CH, CH, H H
§ 2.5-Dimcthyipyrazine 108 CH, H CH, H
6 2,6-Dimethylpyrazine }08 CH; H H CH,
7 2-Hydroxy-5-methylpyrazine 110 OH H CH, H
8 2-Mcthyl-S-arubotctruhydroxybutylpyrazine 214 CH; H —{(CHOH),—CH,0H H
9 2-\Acthy!-6-arabotctrahydroxybutylpyrazinc 214 CH, H H —(CQOH);—C H,O0H -
— e i e e ,‘_.;I____ — B} ‘
10 4-Mcthylimidazole (4-me-1)* | 1 82 R4 =CH,
. C\N/C\Rs
11 4-Hydroxymethylimidazole® H 118 R4 = CH,OH
12 4-Arabotetrahydroxybutylimidazole* 188 R4 = —(CHOH);—CH,OH
17 Phenaharbital sodium 254

o Gubstitutions are cither in position 4 or 5 of the imidazole molccule.

9wt
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TABLE 2 ,
PHARMACOLOGIC ACTIVITIES IN MICE OF COMPOUNDS LISTED IN TABLE 1*

Compound LD50 + SE CD50 £ SE HDS50 + SE MES EDS0O+SE  Met EDSO+SE . 4-me-1 ED50 & SE
No. (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

1 >2000 —_ >2000 1000 + 51 1360 .+ 78 322+ 26
2 1820 4: 60 —_— 1250 4+ 25 580 4+ 23 530+ 64 130+ 18
3 >2000 — >2000 >2000 >2000 1320 £ 200
4 1390 + 20 —_ 540 + 26 355424 330+ 17 130+ 11
5 1350 + 23 —_ 880 -+ 23 575 + 43 5404 19 257 424
6 1080 + 14 . —_— 840 + 41 480 :+ 45 385+20 114215
7 1300 + 64 —_ >2000 >2000 >2000 =-2000

8 >1560" —_ >1560 —_ — —

9 >316° —_ =316 — — —

10 165+ 3 155+ 5 — —_— —_ —_

11 =2000 -— >2000 >2000 =2000 >2000

12 >2000 — >2000 >2000 =2000 =-2000

13 270 + 5.9 - 94 4+ 5 15.2+2.2 275+ 1.5 14 - 3.4

ADOTONYINUVHA ‘SINIZVYALTAHIAN

* CD50, dose to produce convulsion in 509 of mice; HD50, hypnotic dose, dose to produce loss of righting reflex in 509% of mice (>1 min): MES EDS50, .
dose to protect 50% of mice against maximal electroshock (MES); Mct ED50, dose to protect 5074 of mice against convulsions induced by 100 mg/kg sc
pentylenetetrazol (Metrazol); 4-me-1 EDS0, dose to protect 509 of mice against convulsions induced by 200 mg/kgip 4-methylimidazole,

* Highest dose tested without producing death or loss of righting reflex.

LT
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Amiconculsant Properiics of the Alkylpyrazines

Convulsions induced in mice by MES. pentylenetetrazole (Met)and 4-me-| Were pre
vented by pyrazine and its hypnotic derivatives, Pyrazine was the only compoup,j in Ihi;
serics without hypnotic activity. but possessed anticonvulsant activity againg MES
Met. and 4-me-I. 2-Hydroxymethylpyrazine was inactive as a hypnotic, but actd g .
weak anticonvulsant agent against scizure induced by 4-me-1, but not against N i

:5 an
pentylenetetrazole-induced seizures. The anticonvulsant effects of the pyrazin. d

achicved at dose levels equivalent to 29-66 94 of their corresponding HDSs( - w;:,cc:c
Comparison with the anticonvulsant potency of phenobarbital sodium reye m{
pyrazine and the methylpyrazines are very weak. The most active anticonvulsy- “om.
pound in this serics, 2,3-dimethylpyrazine, had about 1/54 the potency of phene iy}
against MES seizures, 1/27 the potency against pentylenetetrazole, and 1/21 the , wny

against 4-me-l-induced seizures,

DISCUSSION

The alkylpyrazines described in this paper are produced by a number of diflerey,
methods: (a) ammoniation of glucose or reducing sugar-containing agricultyry| h.
products (Hough er al., 1952; Wiggins, 1956; Wiggins and Wise, 1956; Jezo, |9(,(,','
(b) heating a mixture of amino acids such as aspartic acid, glutamic acid, or asparagip,
with carbohydrates (Newell er al.. 1967: Koehler er al., 1969; Dawes and Edwarg,,
1966): or (c) heating foods containing amino acids and sugars such as peanuts, coffee,
cocoq, and potatoes. These alkylpyrazines constitute part of the aroma profile of they,
foods.

Pyrazine does not have 1 distinctive odor; however, its derivatives have characteriy;,
odors, e.g., 2.3-dimethylpyrazine has the aroma of green bananas, while 2-hydroxy.s.
methylpyrazine in aqueous solution resembles that of ripe bananas, 2.3-Dimcth_\i.
pyrazine was identified as part of the aroma profile of coffec and chocolate (Viani ¢ al.,
1965; Gianturco et af.. 1956 Rizzi. 1967); 2,5-dimethylpyrazine of coffee, chocolyre,
roasted peanuts, and potato chips (Gianturco ¢r al., 1956; Rizzi. 1967; Mason ¢ al.,
1960: Deck and Chang. 1963); 2.6-dimethylpyrazine was found in coffee and chocolye
(Gianturco er al.. 1956 Rizzi. 1967), and 2-methylpyrazine was identified in chocolare
(Rizzi. 1967).

These pyruzines of relatively low molecular weight have not previously been invey;-
gated pharmacologically. with the exception of pyrazine itself, which was tested as an
anthelmintic compound (Cavier, 1966). The pharmacologic properties shown in Table:
tndicate that the alkylpyrazines are central depressants with weak hypnotic and ant-
convulsant characteristics and possess a low order of toxicity.

This investigation has provided strong evidence that the chief toxic factor in ammoni-
ated molasses is 4-methy limidazole. because it appears to be the only compound forme!
during ammonimion capable of reproducing the signs. observed in cattle I toan
ammoniated products. in small laboratory animals (Nishie et al., 1969). Wiggir (1956
reported that during ammoniatjon, conditions of high temperature and high - ssure
favored pyrazine formatjon. but indicated nothing about 4-methylimidazole fo-  tion.
Ifpyrazine formation is favored w ithconcurrent reduction in the formationof<  :thik
imidazole, ammoniation processes should be carried out under conditions . high
pressure and temperature in order o produce a nontoxic ammoniated feed. © s feed
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" sould ¢ - stain sufficient quantities of nontoxic, anticonvulsant alkylpyrazines to pre-
«antcon lsions or preconvulsive excitation due to 4-methylimidazole formed simul-
uneous, , Juring the ammoniation. 1tis indeed curious that pharmacologically antagon-
«fic met..ylpyrazines and methylimidazoles occur simultancously in the ammontation
Aglicose and that the toxicity of the mixture apparently depends on the relative ratios
fthese materials.
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éOMPOSITlON OF CARAMEL PRE-
PARED BY HEATING SUGARS

Durixc the manufacture of cane sugar, cara- :
mel which is a mixture of nitrogen-{rée orga- .

nic compounds,! is produced due to overheat-
ing of sucruse or its decomposition products.®?
It not only imparts colour to the sugar crystals,
but also  inhibits the rate of crystallisation.t

Caramel is used in food industry as a colour-
ing and flavouring agent of alcoholic drinks
and sweetmeats6 Very little work has been
done on the composition of the caramel. Schu-
maker and Buchanan® reported ithat caramel
contained a few anhydrides with empirical
formulze, C;sH.00y CuiHuiOrs and C,;H.,Oup
It is believeds that the composition of caramel
varies not only with the pH and temperature
of heating but also with the type of sugar
used for its preparation. The prescnt commu-
nication reports chrematographic studies on
the composition of caramel prepared from dif-
ferent sugars.

Pure glucose, [ruclose, sucrose, maltose
(B.D.H. samples) and liquid glucose ({rcm
Ravalgaon Sugar Fgrm, Ltd.), were used as
raw materials; from these, caramel was

prepared by two methods: (@) heating the sugar
as such at 200° C.. and (b) healing the sugar
in solution phase in presence of alkali at
100° C. The details of the procedure were given
clsewhere” Caramei was separated from the
system by precipitation with alevhol. The cara-
mels obtained from cdifferent sugars were exa-
mined = chromatographically using Whatman
filter-paper No. 1 and mn-butanol-cthanol-water
mixiure as the solvent.lV

Fig. 1 gives a typical set of chromatograms
indicating the constituents of the caramels: in

CHAROMATOGRAM: OF CaRaMEL

NP

60318878
~O 000, OO O
~00 00| OO0

?

Fic, 1. Cleematogiaphic Stuaics of the Compesition
of Caramel. Scries A reters to the caramels prepared by
heatiny sugar~ with atkali in the snlution phuse and
series I3 1o those prepare by henung sugars as sach,
1and & frem deatrose; 2 amd 6 fteom lesulose: 3 from
maltose s 4. diguid plucose;  and 7, minture of suzars,
Timwe ot uaeing the chromategams for serics A was
06 hr. andd for series B, 72 hr. Temperature 33° O, The
standard setorence velue employal for computation of
Ry vadues of the spots of caramel wa~ taken as 13:6 for
levilosre: (not shown in Fig. 1), )

! 52

“this. series A refer to he caramels prepared by
method b. It was interesting to note that there
existed four reducing compounds with roughly
the same R, (= 100) values of 6-5, 4-35, 1-4, 0
(reference value—levulose 13:6) in all the
caramels prepared from different sugars. Con-
trary to the gencral belief was the observation
that whether a single sugar or a mixture of
sugars was employed for caramelisation, the
same four reducing compounds were detected.
This is duc presumably to the production be-
fore caramelisation of an intermediate equi-
librium mixture of glucose, fructose and man-
nose where sugars were heated in alkaline
solutions as envisaged in the Lobry de Bruyn
and Anerde van Dkenste in transformation.!'!  The
observation of a spot with R, value of 0 (on
the reference line) indicated the presence of
one (or more) reducing substance(s)™ of rela-
tively high molccular weight.

Chromatograms in Fig. 1 B which refers {o
the analysis of caramel prepared by heating
sugars as such (method a) indicatcd the pre-
sence of another reducing compound with R

value of 8:9, in addition to the four detected
in caramels prepared by the method O
(Fig. 1A). As in method b, the same number
of _reducing compounds with equal R, values
were noticed whatever may be the sugar em~
ployed.
van Ekenstein transformation known to take
place in heated alkaline sugar sviutions, appears
to take place when sugars are heated as such.

The results in Fig. 1 show clearly that the
composition of the caramel varies not with the
sugar used, but with the mecthod employed for
its preparation.
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Technology, " J. K. P. AGARWAL.
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* This coull not ie separated from the reference linc
even after running the chromatograms tor 5-6 davs.
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